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ORDINARY MEETING. 
'™ November, 1939. 


2 CLEMENT DANIEL MAGGS HINDLEY, K.C.I.E., M.A., President, 
in the Chair. ; 


The President reported that, consequent upon the deaths of Dr. 
H. T. Tudsbery, Mr. T. H. Bailey, and Mr. G. T. Nicholson, the following 
lutions had been passed by the Council :— 


“That the members of The Institution desire to record the deep 
regret with which they have learned of the deaths of 


John Henry Tudsbery Tudsbery, D.Sc., M. Inst. C.H., whose 
work in developing the objects of The Institution during the 
twenty-six years of his secretaryship from 1896 to 1922, and his 
connexion thereafter as Honorary Secretary, are gratefully 
appreciated ; 


Thomas Henry Bailey, M. Inst. C.E., who had been a Member of 
Council since November, 1926 ; 

George Taylor Nicholson, M. Inst. C.H., who was from November 
1924. to November 1927 a Member of Council resident in South 
Africa ;~ = 

and that an expression of their sincere sympathy be conveyed to 
the members of the respective families.” 


The President said that, owing to the existing circumstances, he 
uld ask those present to take his Address as read; he had already 
rs permission for it to be printed in the Journal of The Institution.* 
hough Meetings for the reading and discussion of Papers had been 
mporarily suspended, the work of The Institution would be continued 
far as possible, and he asked the members to give him and the Council 
sir full support in the difficult times that lay ahead. 


* Journal Inst. C-E. vol. 13 (1939-40), p. 1 (November 1939)—Suc. Inst. C.E. 
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AWARDS FOR SESSION 1938-39. 


The special thanks of The Institution were given to Mr. W. J. E. Bin i 
M.A., President, joint Author of the Paper on “ The Gorge Dam,” anc 
Professor C. E. Inglis, O.B.E., M.A., LL.D., F.B.S., Vice-President, for 
Paper on “ The Vertical Path of a Wheel Moving Along a Railway Trac 
who were ineligible, as Members of Council, to receive Awards. ~ 


MEDALS AND PREMIUMS. 


Owing to the outbreak of war, the medals awarded for Session 1938 
were not formally presented by the President. The full list of awa 
is as follows :— 


EAE Athena tt + li 


2. A Telford Premium to H. J. F. Gourley, M.Eng., M. Inst. C.E., c 
Author of the Paper on “ The Gorge Dam.” 


. A Telford Premium to J. H. Harley-Mason, M. Inst. C.E., for his 
on “ The Reconstruction of Aldgate East Station.” 
A Telford Premium to G. A. Maunsell, B.Sc. (Eng.), M. Inst. C.E., ¢ 


J. F. Pain, M.C., B.Sc. (Eng.), Assoc. M. Inst. C.E., jointly for 
Paper on “ The Storstrom Bridge.”’ 


A Telford Premium to R. R. Liddell, M. Inst. C.E., for his Pape 
“ Improvements at the Royal Docks, Port of London Author 
The Coopers Hill War Memorial Prize to R. L. Nunn, D.S8.0., 4a 
Or 


co 
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7 


=. 


C.E., for his Paper on “ The Singapore Airport.” 


fA Manby Premium to Oscar Elsden, M.Sc., Assoc. M. Inst. C.E., fe 
Paper on “ Investigation of the Outer Approach-Channels t 
Port of Rangoon by Means of a Tidal Model.” 
. An Indian Premium to Sir Robert R. Gales, F.C.H., M. Inst. C.E., 
his Paper on “ The Principles of River-Training for Railway Bri 


and their Application to the Case of the Hardinge Bridge over t 
Lower Ganges at Sara.’ 


4 


ioe) 
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. A Crampton Prize to James Williamson, M. Inst. C.E., for his Papert 


“ Considerations of Flow in Large Pipes, Conduits, Tunnels, Bent 
and Siphons.”’ 
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‘A Webb Prize to R. D. Davies, M.A., Ph.D., Assoc. M. Inst. C.E., for 
his Paper on “Some Experiments on the Lateral Oscillation of 
Railway Vehicles.” 


For Parers PuBLISHED WITH WRITTEN Discussion. 


Telford Premium to Professor Cyril Batho, D.Sc., M. Inst. C.E., 
SD. Lash, Ph.D., Assoc. M. Inst. C.E., and R. H. H. Kirkham, 
B.Sc., Stud. Inst. C.E., jointly, for their Paper on “ The Properties 
of Composite Beams, consisting of Steel Joists Encased in Concrete, 

_ under Direct and Sustained Loading.”’ . 

A Telford Premium to G. M. Binnie, M.A., Assoc. M. Inst. C.E., for his 

Paper on “ Model-Experiments on Bellmouth and Siphon-Bell- 

mouth Overflow Spillways.” 

A Telford Premium to $. T. Farnsworth, B.Sc. (Eng.), M. Inst. C.E., 
for his Paper on “ The Strengthening and Final Testing of the 

- Pressure Tunnel for the Water-Supply of Sydney, N.S.W.” 


Telford Premium to Professor F. C. Lea, O.B.E., D.Sc., M. Inst. C.E., 
and J. G. Whitman, M.Eng., jointly, for their Paper on “ The 
Failure of Girders under Repeated Stresses.” 

‘A Telford Premium to R. V. Burns, Ph.D., B.Sc., Assoc. M. Inst. C.E., 
and Assistant Professor C. M. White, Ph.D., B.S8c., jointly, for their 

_ Paper on “ The Protection of Dams, Weirs, and Sluices against 
Scour.” , 

A Telford Premium to J. F. Field, B.8c., Assoc. M. Inst. C.E., for his 

Paper on “ A Suggested Basis of Comparison for the Efficiency of 

Steam Turbo-Generators and of Steam-Electric Generating 

_ Stations.” ie 

A Telford Premium to C. Wilson Brown, O.B.E., M.C., and Cie 

Howard Humphreys, T.D., MM. Inst. C.E., jointly, for their Paper 

on “ The Water-Supply of Kumasi in the Gold Coast Colony.” 


A Telford Premium to Professor A. J. Sutton Pippard, M.B.E., D.Sc., 

 M. Inst. C.E., and R. J. Ashby, M.Sc. (Eng.), Stud. Inst. C.E., 
jointly, for their Paper on “ An Experimental Study of the Voussoir 
Arch.” 


‘A Telford Premium to R. W. G. Clerke, Assoc. M. Inst. C.E., for his 
Paper on “ Constructional Work on Air Raid Shelters and other 


Protective Works.” 


; A Trevithick Premium to J. Taylor Thompson, M.C., M. Inst. C.E., for _ 
"his Paper on “ Railway Track-Work for High Speeds.” 
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For Stupents’ Papers Reap 1n Lonpon or at Meetings or Local 
ASSOCIATIONS. 
MI 


1, The James Forrest Medal and a Miller Prize to J. W. Roderick, 
Stud. Inst. C.E., for his Paper on “ An Investigation of Stresse¢ 
a Three-Hinged Stiffened Suspension-Bridge.” 

2. A Miller Prize to R. D. Fitzgerald, Stud. Inst. C.E., for his Pape: 
“ Investigation into the Discharge of Small Trunk Mains.” 

3. A Miller Prize to Arnold Bailey, Stud. Inst. C.E., for his Pa 
“ Harth Movements Associated with Pile-Driving.”’ | 

4, A Miller Prize to David Garside, B.Sc. (Eng.), Stud. Inst. C.E., fe ; 
Paper on “ The Galloway Hydro-Electric Scheme.” 

5, A Miller Prize to K. C. McCrae, Stud. Inst. C.E., for his Paper on “" 
Western Valleys (Monmouthshire) Sewer.” 

6. A Miller Prize to W. E. Parsons, B.Sc. (Eng.), Stud. Inst. O.B,, | 
his Paper on “The Renewal of Gates to No. 1 Dry - q 


Southampton.” 


7. A Miller Prize to Julius Cesar, B.Sc. (Eng.), Stud. Inst. O.E., for ! 
Paper on “The Reconstruction of Slipways at Lymington « 
Yarmouth.” 

8. The James Prescott Joule Medal for the triennial period 1936 
John Hayes, B.Sc., Stud. Inst. O.E., for his Paper on 


Strengthening and Reconstruction of Weak Bridges under 
Road and Rail Traffic Act, 1933.” 4 


Bayuiss Privx. 


On the results of the April, 1939, Associate Membership Examinat 
(Sections A and B), at home and abroad, the Council have awal 
the Bayliss Prize of ug 
borough, in respect of this Examination. The Council have as 
ordered that Chhotalal Hirachand Sanghvi, of Bhuj, India, she 
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LE SIR CHARLES PARSONS MEMORIAL LECTURE, 
1939. 


Some Researches on Steam-Turbine Nozzle-Efficiency.” 
By Henry Lewis Guy, D,Sc., F.R.S., M. Inst. C.E. 


s series of Lectures was founded in memory of one of the very great men 
our race and time, who worthily ranks with Newcomen, Watt, and 
phenson. 

The three preceding Lectures have rightly been given by those who, 
m their own intimate associations with Sir Charles Parsons, could speak 
h personal authority of his great engineering and scientific work, with 
ich they were themselves concerned. 

When I received the honour of your invitation to give this Lecture, 
le I hoped that other personal associates with Parsons in his life’s work 
nld have further opportunity of adding to our knowledge of his methods 
1 achievements, I realized that, as time goes on, others like myself must — 
hecessity turn to what is the ultimate object of the foundation, which in 
trust deed is stated to be “‘ An annual lecture in any of the subjects in 
ich Sir Charles Parsons was interested,” 

In this manner an annual occasion is provided for the specific discussion 
such subjects, and this perhaps can be honoured most fittingly by the 
leavour—however imperfectly achieved—to make some contribution 
the knowledge of some aspect of one such subject. 

If I sought a text for my own remarks, I could find none more suited 
my purpose than the quotation from Pargon’s own words with which 
Frank Smith concluded the first Memorial Lecture—‘‘ When you think 
know everything about a thing, make some experiments and find out 
re about it.” “Bt 

Although in the years which preceded the work of the Steam-Nozzles 
search Committee of the Institution of Mechanical Engineers *, and 
ing its progress, a voluminous literature of researches on the flow of 
am through nozzles accumulated, no scheme of research was 80 
haustive or so well planned, and none stimulated my interest or 
inated my own mind to the same extent, 

Whilst this work gave a great impetus to further research by individual 
signers, little notable contribution to the knowledge of this subject has 


ze been published. 


* The Steam-Nozzles Research Co 
icineers will subsequently be referred to by the initials S.N.R.C. 


Ate 


mmittee of the Institution of Mechanical ~— 
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It may be of interest to trace from this starting point the main line 
research which have increased my own knowledge or modified our ded 
tions. I propose to do so on the basis of work with which I have be 
directly connected, as it is of such work only that I have the precise 
intimate knowledge necessary to appreciate its lessons and its limitatio 

The apparatus employed by the Institution of Mechanical Engine 
Committee consisted essentially of an impact-plate on which was placec 
pad of wire netting some ? inch thick, whilst above it was carried 


Fig. 1. ; 
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> 
approximately circular “ cage ” of horizontal slats intended to secure t’ 
necessary condition for accuracy that all steam leaving or re-entering t' 
space within the cage should do so in directions parallel to the plane of t: 
impact-plate at the bottom. 
The impact-plate with its cage was mounted on a vertical axis an 
carried by a spindle passing through a long rotating bush fed wi Lat 
which ingeniously provided a relatively frictionless gland and bearing. 
Forces transmitted through the spindle were measured by weighing : 


the end of a lever opposite that to which the spindle and impact-plate we' 
attached (Fig. 1). 5 


A condition for accuracy 
nozzle under test should be 
plate. 


was that the direction of the steam-flow of ti 
perpendicular to, and central to, the impaa 


‘WIZZON ANIGNO.L 
CGUNITIONI WOW NVALS JO AUVHOSIG 


‘ATZZON UVTONOUIO 
LHOIVULS WOU NVALS 40 ADUVHOSIG 


ARS ei WS 


‘eaves wes 


Parsons Memorial Lecture. 


Te SEL SR TET ee we eee ee ee 


‘@ 841) d AdKAL AO ANVA V JO SNVAW A@ ATONV-XA'Tdag JO LNAWAUASVANW 


Ni) 


‘¢ bug 


STEAM-TURBINE NOZZLE-EFFICIENCY. 93 


It was therefore necessary to know the direction in which the steam 
jued from the nozzles by observing the discharge from these in open air 
en passing steam (preferably wet). The appearance of such a stream of 
am flowing from a simple straight-axis convergent nozzle is shown in 
. 2, in which the nodes associated with acoustic waves in the stream are 
arly visible. Here no problem arises in obtaining the correct’ setting. 
In the case of the “inclined” nozzle which must be used in steam 
bines, the direction of flow cannot be accurately predicted from the 
pe of the nozzle, except in so far as experimental observation has 
rmitted correction-rules to be obtained by which the approximate 
ection of flow may be deduced from the geometry of the steam-passage. 
é character of such a stream of steam is shown in Fig. 3, in which, 
ain, the nodes in the stream are clearly visible. 

The stream is not clear cut at its boundaries, friction with the surround- 
air causing a fringe of less dense steam to break away from the main 
w. Since in most turbines the stream of steam is continuous for the 
ole circumference, this effect at the ends introducesinto such nozzle-tests 
sses which do not arise in a turbine itself. On the other hand, this effect 
the inner and outer peripheral surfaces of the stream takes place to a 
rtain extent in a steam turbine. 

_ As, however, the predictions based on “ good” tests in the nozzle- 
ster agree reasonably well with the results obtained in a turbine itself, 
e effect of these fringe losses does not entirely vitiate the utility of this 
ethod of test when used with experienced judgment. On the other hand, 
e relatively great length of the free jet from the nozzle to the impact- 
ate, is responsible for some of the difficulties which it is now recognized 
llow from the use of this type of apparatus. 

_ At the time of the issue of the six Reports of the Steam-Nozzles Research 
ymmittee 1, I, in common with the Committee and others, felt that the 
yparatus was reasonably free from error arising from differences in the 
stance of the centre of the stream of steam from the impact-plate. 

In view of the greater accuracy of measurement now desired and 
tained, later and almost continuous work on a nozzle-tester based on the 
N.R.C. design has modified that opinion. It is probable that in the 
stance of the nozzle face from the impact-plate lies one of the causes of 
e anomalous results sometimes obtained. 

Whilst the 8.N.R.C. explored the mean direction of stream-flow from 
clined nozzles by means of cotton threads or long vanes of type A (shown 
Figs. 4),it has been necessary since that date to devise means of measuring 


ce 


1 First Report. Proc. I. Mech. E., 1923 (vol. i, Jan.—June), p. 1. 
Second Report. Jdid., p. 311. 
Third Report. Jbid., 1924 (vol. i, Jan.—May), p. 455. 
Fourth Report. J6id., 1925 (vol. ii, May—Dec.), p. 747. 

Fifth Report. Jbid., 1928 (vol. i, Jan.—May), p. 31. 

Sixth Report. Jbid., 1930 (vol. i, Jan.—May), p. 215. 
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more accurately the direction of flow in different parts of the stream fre 
the nozzle and at distances as close to its outlet face as is usual to the enti 
of the moving blade it supplies. 
A long series of trials of various methods, several of which are sh om 
has now reduced our choice to the type of vane D and the small yaw-met 
H of Figs. 4, 


Figs. 4. 
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Vanes of type D, which are practically free from flutter, can be used class 
up to the face of the nozzle, and gives the mean direction over an axias 
distance of about 0°05 inch. It is shown in use in Fig. 5 (facing p. 98) 
measuring the efflux-angle from a short length of a long moving blade. Fos 
such observations it is more comfortable for the observer to work wit 
compressed air than with steam; observations with air apply to steam-flow 
but at steam-velocities greater than the air-velocity of the test, they ara 
in the ratio of sound-velocity in the steam to that in the air. ; 
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’ The character of the variation in direction of flow over a typical nozzle- 
‘eam from an impulse-type nozzle whose geometrical angle was 20 degrees 
d which was supported by two neighbouring nozzle-streams, is shown in 
ig. 6, with the characteristic changes as steam-velocities are increased from 
0 feet per second to 1,520 feet per second. 

At intermediate velocities the direction of flow varied continuously as 
locities were increased between those values and arrangements. 


Fig. 6. 


9 
=" 320 ft. per sec. 


460 ft. per sec. 


650 ft. per sec. 


ANGLE OF EFFLUX: DEGREES. 


ae - ANGLES oF Erriux From TURBINE Nozz.Es. 


- The dotted line on each figure shown at an angle of 15 degrees 28 minutes 
srresponds to sin! o/p, where o/p denotes (throat-width)/(vane-pitch), 
ad shows how reasonably well this relation, suggested during discussion 
the 8.N.R.C. Reports, agrees with the mean observed value. This test 
typical of the correspondence we usually find between test results on 
ood nozzles and the application of this simple relation. In fact, the degree 
‘agreement with the mean angle predicted by this relation is-often a 
ugh measure of the efficiency of a nozzle. ' . 
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There is no doubt that the publication of the first results of the S.N.R., 
was sensational, because it appeared to establish a shape of characterist 
for the variation in velocity-coefficient of a nozzle with velocity of ti 
steam which was markedly different from conceptions then currently hel: 

The actual curves for the first nozzles tested, with a 20-degree nomint 
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angle and made from thin plate 0-04 inch thick, are reproduced in Figs. % 
The most important curve is that for a throat-length of 0/1 (Figs. 7), fc 
these researches soon established that long throats were a source of undw 
loss, and their use was generally abandoned. The Significant features 
the characteristic were :— 


(1) a rapidly-rising curve as velocity was decreased from 700 t 
300 feet per second ; 


iM wl 
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(2) a valley at about 700 feet per second, followed by 

(3) a rise to a second maximum of efficiency at a velocity of about 
1,350 feet per second (86-5 per cent. of sound-velocity), 
followed by 

(4) a ais valley at about sound-velocity 1,560 feet per second, 
wit 

(5) a further rise in efficiency beyond sound-velocity. 


_Earlier researches had rarely attempted the task of tracing the 
haracteristic of a turbine-type nozzle down to the lower range of velocities 
bvered by the 8.N.R.C. tests, a region where experimental difficulties 
ereased very rapidly. Typical earlier published results are those shown 


i Fig. 8. 
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IRTAIN GHARACTERISTICS FROM RESEARCHES MADE Prior To THE S.N.R.C. TEsts. 


| Fig. 8, due to Professors E. Josse and P. Christlein1, G. Fligel’, and 
r. Escher Wyss. - . ‘-— 
~ Those of Josse and Christlein showed a curve rapidly rising with velocity 
a point beyond that of sound-velocity. Fiiigel, starting with an experi- 
rental curve obtained for a high range of velocities, showing the same 
ut a flatter tendency, continued it backwards by an analytical specula- 
on, with a slowly-dropping curve as zero velocity was approached. 

"As these kinds of characteristics were generally accepted, and those of 
osse and Christlein had had great weight on turbine design for some years, 
; was natural that the effect of the S.N.R.C. curve was profound. 

It is now no secret that turbines designed on the basis of the character- 


‘1 Discussion by Professor Josse, ‘‘ Neue Versuche tiber Stromungsvorgange und ihre 
nwendung bei Dampfturbinen, Kondensationen und Kialteerzeugung.” Zeits. Ver. 
tsch. Ing., vol. 55 (1911, part 2), p. 2072. Report by Professor Christlein, ‘‘Un- 
suchungen iiber das allgemeine Verhalten des Geschwindigkeitskoeffizienten von — 
tvorrichtungen des praktischen Dampfturbinenbaues.” Ibid, p. 2081. “# 
? ‘Die Diisencharakteristik.”. Forschungsarbeiten No. 217 (1919), p. 18. 

- , 
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istic exhibited by Josse’s and Christlein’s results, requiring, as they did fd 

high efficiency, a very small number of stages running at a very high pe: 

pheral velocity, proved disappointing in efficiency, and, as a result of th 
necessarily high peripheral speeds of the blades, both difficult and dangero 
machines. 

If the shape of the characteristic shown in Fig. 9 were in fact correc@ 
then naturally a designer would, if possible, endeavour to adopt steant 
speeds of, say, 400 feet per second to obtain highest efficiency. | 

Unfortunately, the geometrical requirements of the blading of a turbix 
based on such a velocity would be impossible, even for the relatively log 

ratings and steam conditions usual at the time. , 

It must be remembered that the total volume passing through a moder: 
machine increases some 450 times for what would now be standard steaz 
conditions. Of course, the area provided through the last row of bladd 
should in such a case also be 450 times that through the first row if thi 
velocity of the steam is maintained the same in both cases, Even witi 
steam conditions quite usual at the date of the issue of the Second Repos 
of the S.N.R.C. (1923), such as a pressure of 250 lb, per square inch gaugg 

a total temperature of 600° F., and a vacuum of 284 inches of mercury, a 

impulse turbine designed for 10,000 kilowatts at 3,000 revolutions pe 

minute would require the phenomenal number of one hundred and thirttt 
six stages, with a first-blade height of 2% inches on a mean diameter 

13? inches, and a last-blade height of 300 inches on the same mes 

diameter ; those were utterly impossible conditions for design or mann 

facture, or for that matter even to draw, as will be seen from Figs. 9 (a). 

If the second optimum in efficiency at a velocity 1,250 feet per se Hy 
were chosen for the same conditions, fourteen stages would be require 
with a first-blade height, smaller then desirable, of % inch on a it 
diameter of 43 inches, whilst a last-blade height of 30 inches on th 

diameter would again be impossible (Figs. 9 (b)). 

Again, if advantage were to be taken of the third rise in efficiency at 
velocity of 1,800 feet per second, six to seven stages only would be required 
with the quite attractive last-blade height of 10} inches with a mez: 

diameter of 62 inches, but with the undesirably small first-blade “a 

0-2 inch (Figs. 9 (c)). 

_ Acceptance of this characteristic, therefore, naturally led mar 
designers to construct turbines which would work with low velocities « 
from 300 to 500 feet per second on small diameters at the high-pressure en¢ 

and directly this approach became geometrically impossible to step up a 

once to the relatively large diameters required with steam-speeds ; 

between 1,200 and 1,800 feet per second, as shown in Figs, 9 (d) and (¢ 

These figures are summarized in Table I (p. 100). 

Where such constructions were carried to extremes of low speed a 
small diameters at the high-pressure end, or to very large diameters « 
the low-pressure end, it is now, I suppose, no secret that once again th: 
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Figs. 9. 
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resulting turbine-efficiencies were disappointing in spite of the encouragiy 
names given to them by their progenitors. 
Apart from the deduction from tests with actual turbines designed ws 
different steam-velocities, re-examination of the 8.N.R.C. tests togetllj 
with a mass of later information gained from continuous researches wi 
this and other types of apparatus, suggests that, whilst the true charaet 
istic of certain types of nozzles may be of waved form, as shown in Fig, 
(p. 95), the actual rise and fall of efficiency with velocity, particularly at] 


Taste I.—Various ARRANGEMENTS OF BLADING WITH A SELECTED STEAM 
VELocITy FoR A 10,000-K1mLowaTT TURBINE. 


Steam conditions: Pressure, 250 lb. per square inch gauge ; temperature, 
vacuum, 284 inches of mercury. 


Steam-velocity:| Number of Mean dia- First-blade Last-blade 
feet per second. stages. meter : inches.| height: inches. | height: inches. 
400 136 13? 2-94 292 
1,250 14 43 0-36 30 
1,800 x / 62 0-21 10-5 

400 45 13? 2-94 A ie 
1,250 9 43 _ 30 
400 45 133 204 @ eas 
1,250 5 43 —- — 
1,800 2 62 —_— 10-5 


velocities, is much less than these tests suggest. Further, for other nozz 
types the variation of efficiency with velocity follows quite differ 
characteristics, and to some extent the shape of the characteristic can | 
controlled by design. ‘ 

In experiments of this kind, apparatus errors and shortcomings in’ 
technique are often characteristic of a particular apparatus and methodi 
test. 

This is illustrated by the curves shown in Fig. 10, in which the result! 
tests in our own nozzle-tester of the S.N.R.C. type with the origit 
S.N.R.C. straight “ Mellanby nozzle”, and also with the original §.N.Ri 
20-degree thick flat-chamfered nozzle, which we-borrowed for this pu a 
are contrasted with the results on the same nozzle published in the 8.N.R3 
reports. In order to simplify comparisons of these two determinations: 
the shape of the characteristics, our own curve, which gave slightly higl 
coefficients, has been moved vertically downwards in Fig. 10 until the t 
coincide at velocities of 800 feet per second for the 20-degree nozzle andi 
900 feet per second for the straight nozzle. . | 

In both cases it will be noted that the rise of efficiency at low velociti 
is much less marked in our test than in those of the 8.N.R.C. Again, if t 
results of the 8.N.R.C. tests on straight nozzles are examined, as repk it 
in Fig. 11, the steep rise at low velocities, which implies efficiencies of ov 


at] 
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per cent., suggest the need for caution in this area of the test, where 
perimental difficulties are rapidly increasing. 


| Fig. 10. 
100 
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Again, consider the significant results obtained by the 8.N.R.C. with 
20-degree thin-plate nozzles, re-plotted in Fig. 12 (p. 102). The fact 
5 with the 0/1 throat-ratio the characteristic shows no tendency to rise 
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low or high velocities, is of great importance, for of this group the 
-ratio nozzle is the one which most nearly represents modern practical 


bine nozzles. : 
Additional evidence of this kind is provided by a comparison of the 
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S.N.R.C. tests on the 12-degree and 20-degree thick nozzles chamf - 
the outlets, the one series with a small and the other with a large rad 
forming the inlet. The mean curves of the observation are re-plottedd 
Fig. 13, in which the absence of the rise of efficiency with low and decreass 
velocity of the large-radius nozzles is most marked compared with 


Fig. 12. 4 
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small-radius nozzles; once again these large-radius nozzles are tha 

which most nearly correspond to modern turbine nozzles. 
‘Further, it is, to me, inconceivable that, at a velocity of 400 feet |: 

second, the losses in a 20-degree thick-plate nozzle with chamfered ot 
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a throat-ratio of 3/1, can be more than halved by decreasing the radius 
nlet from 1? inches to 1 inch. It is, however, conceivable to me that 
greater experience in this kind of test and the increased use of the 
aratus at the later date when the larger radius nozzles were tested, 
Ited in a more accurate determination of the shape of the nozzle 
racteristic at the lower end of the velocity range. 

It must not be supposed that such suggestions, made many years later 
a the guidance of continuous research on this subject in the intervening 
rs, in any way detract from the very great practical and historical 
ortance of the invaluable researches of the 8.N.R.C. This later work 
se out of the S.N.R.C. researches, by which it was directly stimulated 
inspired. 

Work with this kind of nozzle-testing apparatus emphasized the kind of 
tations in its utility which the previous discussion reveals, and the 
rrent appearance of certain disturbing anomalies resulted in many 
smpts being made to improve it, so as to make the results more reliable 
| absolute. 

Amongst these steps were :— 


(a) The substitution of knife-edges for ball bearings on the weighing 

arm attached to the impact-plate. 

_ (b) Improvements in the form of cage. 

- (c) The addition of baffles in the neighbourhood of the exhaust, to 
improve pressure-distribution in the casing. 


In the end we had to accept this apparatus as a “ comparator ” rather 
n as an absolute measuring device, and, at that, not an infallible com- 
ator. Recognition of this limitation enhances rather than diminishes 
utility, for it often tends to exaggerate or caricature the effect of 
erences in, vane-forms. 

A search was naturally made for alternative methods of experiment, and. 
of great promise was found in the pitot-tube exploration method, 
reloped to a high degree of utility by L. Wirt 1. In this system the 
zle block is mounted on a large ‘“‘ wind ”’- or steam-chest, a8 shown in 
y, 14 (p. 104). 
The stream issuing from the nozzle is explored by a minute pitot-tube 
a plane parallel to the outlet face of the nozzle and at a standardized 
tance from it, equal to the clearance usual between the nozzle outlet 
1 the inlet of the moving blades. The distribution of the losses in the 
wes is deduced from such pitot readings and those on the upstream 
e, and by integrating over the whole exit face the nozzle-efficiency can 
deduced. 
16 The Turbine Designer’s Wind Tunnel.” General Electric Review, vol. 27 (1924), 


TRO is AL F eas 
4 New Data for the Design of Elbows in Duct Systems.” Ibid., vol. 30 (1927 ), 
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It is necessary in this form of test to take a very large number of sepa 
observations, particularly near the boundaries of the stream. As man; 
three hundred per nozzle is quite common and necessary if accurate re 
are to be obtained. 

The axis of the pitot-tube must point in the mean direction of 
stream from the nozzles, so that, as in the S.N.R.C. type of nozzle t 
the direction of steam-flow at various points in the stream must firs 
determined. For tests on these full-scale turbine nozzles a vane prov 
a more useful means of plotting out the efflux-angles than a yaw-mi 

Fig. 14. . 
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For convenience, the movement of the pitot-tube is geared up to a ro 
drum, on which the observer plots his readings direct. 
Such a series of observations permits contour maps of the losses 
plotted, and from such contour maps a solid model of the distributio 
the losses can be constructed, as shown in Fig. 15, as well a 
complementary solid model of the distribution of efficiency, as in Fig. - 
In examining the latter model, it is, I think, notable how closely cert’ 
characteristic “ ripples” in the value of efficiency at various parts of ' 
stream are reproduced in each of the nozzle passages, j 
Again, the concentration of the losses at the boundaries is particula 


Fig. 15. 


SOLID MODEL OF DISTRIBUTION OF LOSSES IN 
NOZZLE PASSAGES. 


Fig. 16. 


SOLID MODEL OF DISTRIBUTION OF EFFICIENCY IN 
NOZZLE PASSAGES. 
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hasized by this method of test, which gives the distribution of the 
28, whereas the 8.N.R.C. type of tests give the average loss for several 
zles. 

t will be readily appreciated that with the nozzle discharging to open 
osphere it is much more convenient to make observations with air as 
medium than with steam. 

Wet steam would be required to show up the streamlines and the pre- 
e of “ break-away ”’ from the surface. Wet steam, however, has the 
dvantage that the particles of water used as “ tracers”’ are so much 
vier than the steam which propels them, that it is by no means certain 
in a curved stream their path is that of the steam itself. 

In order to detect break-away in small nozzles, Mr. B. Hodkinson, who 
ervised much of this work, devised the use of a small pitot-tube attached 
stethoscope ear-pieces, which permits the area of break-away to be 
ed out by a characteristic change of sound. 

A further system of test which has a useful place in these researches is 
nd of wind-tunnel experiment, in which the nozzle specimen is repro- 
ed several times full size so that the “‘ Reynolds number ” is maintained 
value of interest in turbine work, but with the comparatively low air- 
sds usual in wind-tunnel work. 

The system of test and a diagrammatic arrangement of this test are 
tically identical with that of the small pitot-tube apparatus shown in 
. 14, the change in the main being one of scale only. 

fig. 17 shows the set-up for such a “large-scale”’ pitot-test. One 
antage lies in the fact that the specimen can be made with sufficient 
aracy in wood or other readily-worked material in advance of the tooling 
new or proposed blade. In the case illustrated, the outer nozzle vanes 
e aluminium castings from a carefully-carved wooden model, whilst 
parti-coloured intermediate vane was built up of brass templets spaced 
a number of small-bore tubes placed along the median line and filled 
with a special cement to the true form. 

The composite section of templets, tubes, and cement was used to 
mit a series of very small holes to be drilled from the surface of the brass 
plets into the tubes so that the pressure-distribution over the surface 
ld be obtained. In the photograph some of these holes are connected 
he rubber bends at the top to a manifold, which in turn allows a very 
sitive manometer to be used to measure each pressure separately. 
With such observations, diagrams can be constructed giving the 
ssure-distribution on both sides of the vane in the direction of normal 
ation in a turbine, and along what would be the axis of a turbine, as 
wn in Fig. 18 (p. 106). 

In the case of a turbine nozzle or moving blade these curves have 
te a different meaning from the “lift-” and “drag-” curves of an 
oplane wing. 

The force both in direction of the rotation of the rotor and in an axial 
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taken directly on the turbine casing and plays no direct part in its operat 

In the case of a moving blade, the force in a circumferential direct 
resulting from this pressure-distribution provides the torque drivi g 5 
rotor, whilst that in an axial direction is merely one of the componenti 
thrust which is taken up on the thrust-block. 


Fig. 18. 
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DIsTRIBUTION OF PRESSURE OVER NozzLE VANE. 


It is not possible to convert these pressure-distributions directly iti 
what is known as nozzle- or blade-efficiency, but they throw some uset 
light on the condition of the steam at the inlet, and, what is of n 
importance, also at the outlet. 

There are certain considerable limitations in the utility of these larg 
scale wind-tunnel tests, which emphasize the distinction between usefult 
of wind-tunnel work in the case of a turbine nozzle and in the case of 
aeroplane wing. | 
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Most wind-tunnel work is conducted with air-velocities which would 
very low in a steam turbine and at which the effect of compressibility 
he air is not marked, but in the range of velocities used in steam 
bines the effect of compressibility is very great. Many of the 
nomena peculiar to steam-nozzle flow are controlled by the relation of 
exit velocity to that of sound, and therefore the necessary conditions 
similarity of flow cannot be co-ordinated by Reynolds number for 
sages of different scale. 

Let us now consider the character of the results obtained by these 
ious methods of experimental attack, and their bearing on one another. 
If each method had absolute accuracy, each would, of course, give the 
he result when used on the same nozzle; the difference between the 
lts for the same nozzle is an index of the extent to which either one or 
the methods should be questioned. 

At an earlier point I threw some doubt on the advisability of basing 
neiples of turbine design on the shape of the nozzle-efficiency character- 
exhibited in the early tests of the 8.N.R.C. One further comment is 
essary on the way these tests were made. Whilst both the thick and 
n impulse nozzles were well chosen to illuminate extreme characteristics, 
7 were not truly representative of practice at that time, and are basically 
erent from modern designs. 

In Fig. 19 (p. 108) I have plotted test results for a number of different 
es of turbine nozzles obtained on our 8.N.R.C.-type nozzle-tester, and 
beted because I have considerable confidence in their general accuracy. 
ithe lower part of the diagram the lightly shaded area between dotted 
9s reproduces the 8.N.R.C. results for the 20-degree thin-plate nozzle 
m Fig. 7 (p. 96). 

It is, I think, notable that none of the characteristics are of the very 
ved form of the S.N.R.C. curve, and whilst many show a steady rise to 
optimum in the neighbourhood of sound-velocity, and some others a 
ng curve at the lowest velocities, none show anything like the very great 
» in efficiency of the 8.N.R.C. curve as the velocity is reduced from 800 to 
) feet per second. 

‘The groups of tests here shown cover a very wide range of designs, most 
which have an appropriate place in turbine design. It will, however, I 
be apparent that the form of the characteristic is susceptible to 
ification by design, and that for each limited range of steam-velocity 
re is a type of characteristic which gives the best result. 

In the main this group of curves falls into two classes. The one has a 
acteristic which, with increasing velocity, either falls continuously or 
» falls to a valley at a moderate velocity, thereafter rising very slowly. The 
sr rises continuously with increasing velocity to a maximum, usually 
w sound-velocity, and thereafter falls with further increase in velocity. 
By separating out these results into these broad classes it is possible, ~~ 
nk, to indicate the characteristic of form which typifies them. 
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Fig. 19. : 
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The first class is collected in Figs. 20, and all the nozzles concerned are 
acterized by a sharp inlet and thin body to the nozzle section, and by a 
e open entrance. A few examples of this nozzle type are shown at 
top of the diagram. The second class, that of rising characteristic 
ollected in Figs. 21. The nozzle vanes of this group are typified by ‘ 
nded or blunt inlet followed by a streamline tail, giving a thick or 
bous section in the body with a relatively less open inlet, a few 
mples being illustrated at the top of the diagram. 
'The two types necessarily have characteristic differences at the outlet 
ch belong to their class. Broadly, at low velocities, the efficiency and 
of the characteristic appears to be mainly controlled by the inlet 


Figs. 21. 
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tion of the nozzle to the throat, whilst at high velocities both appear 
be controlled mainly by the form at the throat and beyond it. 
The profound effect of the exit at the higher velocities is well illustrated 
‘certain of the §.N.R.C. tests re-plotted in Fig. 22 (p. 110), recording 
» effect of flat and radius chamfer on the 20-degree thick-plate nozzles. 
is significant that these tests suggested, as a result of chamfering, a 
yering of the efficiency characteristic at the lower velocities, which I 
w find scarcely a credible result of improving the outlet. 

Whilst the previous discussion has been limited to tests on impulse 
Z it is of interest to see how the S.N.R.C. tests on reaction blading 


zzles, 

pare with later tests that we have made, although with reaction blading _. 
rather different form. On Figs. 23 (p. 110) are re-plotted in full lines 
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three series of 8.N.R.C. tests on reaction blading of various widths, and 
a type which falls in the sharp-inlet open-mouth thin-bodied class, 
ether with two tests on our own 8.N.R.C.-type nozzle-tester on reaction 
ding of a rather extreme type of the blunt-inlet thick-bodied class. 
is, I think, notable that in general the same difference in type of 
acteristic is found as occurred in the case of the impulse nozzles. 

When nozzle-tests are taken with the small pitot-tube exploration 
shod, we usually limit them to two determinations of efficiency at two 
ecities equivalent, for steam, to about 630 and 1,460 feet per second 


STEAM-VELOCITY: FEET PER SECOND , ~ 
Nozzuz-Tests py Prrot-TuBE EXPLORATION. 


sp ectively. The characteristics obtained in this way for a number of 
azles are shown in Fig. 24. It is noteworthy that in all cases such 
servations suggest a characteristic always slowly rising with velocity. 
1 but one of the results here shown were obtained with the same bulbous- 
zale types as form the group plotted in Fig. 21 for our 8.N.R.C. type of 
zale-tester. 


| As two points are scarcely sufficient to establish the shape of a character- 


ic, I have added one test in which measurements were taken at three 
locities, and in order to exhibit it clearly, have raised it above the. 
mainder by adding 0-5 per cent. to the actual test velocity-coefficient. 
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It will be noticed that again the three points lie on a straight line s igh 
sloping upwards with velocity. : E 
A further broad discriminating factor between our various 1 S13 
obtained with the S.N.R.C. type of nozzle-tester, and shown in Fig. 
(p. 108), is to be found in the geometrical angle at the outlet of the noz 
vane-section, or the angle at which the stream of steam leaves the i 
face. 
Thus, in Fig. 25, the curves for certain of the sharp-inlet thin-bo 
nozzle-vanes of similar form have been collected and plotted, with varia 
outlet angles to typify them. To these has been added the test on 1 
S.N.R.C. 14-inch straight convergent nozzle, for which the outlet angle] 
90 degrees, 
It is, I think, obvious that the outlet angle is a very important fac¢ 
in the vertical displacement of these curves—that is, in the veloci: 
coefficient. . | 
Proceeding in the same way for the bulbous-inlet thick-bodied nozzly 
but this time with sin-! 0/p as the characteristic variable, because ge 
metrical angle has little significance with these forms, the grouping 4 
Fig. 26 results. I have purposely added the lowest curve, with 


It might very naturally be suggested that the difference betweer 
mean angle at the inlet and outlet of the nozzle-vane, or the “cam er 
should provide a more discriminating criterion for this effect than the ai if 
of efflux of the stream at the outlet. This, however, is contrary to 
deductions from our tests. Nozzles having a considerable forward ang 


shown are reasonably accurate. . 
I am bound to say that in particular cases, even with the greatest car 
each method can give unreliable results. It is for this reason that it is na 
desirable to depend on a single experimental method ; in fact, as the rest 
of painful experience, I hesitate to put much value on the determination 
of one method unless it is confirmed in character by a second. 
Whilst on this subject, perhaps I should add that I think it a fairs ba 
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nt to say that results which are confirmed in character by two such 
thods are later confirmed in character by tests in actual turbines. 

I have said “confirmed in character” advisedly, because very 
quently if nozzle tests suggest that nozzle “A” is, say, X per cent. 
ter than nozzle “B”’, tests which later become possible in a turbine 


. x 
; frequently show that, whilst the difference is only, say, Qo perhaps 
= A’? is, in fact, better than “ B.” 


Fig. 26. 
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Table IT illustrates the kind of variation which we actually find b 
the different forms of nozzle experiments and tests in a single-stage t 


i 


’ 


TABLE II. 
By nozzle- By pitot | By oh 
ster. tester. 


? 


Improvement in efficiency of nozzle ‘‘ A” over J 
nozzle. “*B ”’: per cent...) baer 0-72 1-84 1-64; 
Improvement in efficiency of nozzle ‘‘C” over : 
nozzle‘ D "per cent... ae ees 3:96 204 | 3-64: 


The degree of agreement here shown is as good as can on an aver 
expected with nozzle-testing, or for that matter, with single-stage turbl 
testing with the degree of accuracy at present attainable in skilled ham 

It would be a very simple matter for me to select examples where 
results of the different systems of nozzle-tests agree much more closely, 
are much more discordant, or even differ from the final turbine tes 
sign as well as amount, but such results, when they arise, must be regare 
with suspicion, and the tests themselves, together with the partied 
nozzle and blade specimens, as subjects for fresh examination, investi 
tion, and verification. 

In spite of these limitations, such experiments are of very real vs 
because they can be made many months before tools are available a: 
perhaps years before tests can be made in a turbine itself. It is ai 
possible to explore in this way a much larger variety of forms than won 
be practical in complete turbines. Further, with the most refined technic 
for testing complete turbine plant, it is quite impossible to detect, with 
degree of certainty, the effect of a change in design of nozzles, which m 
improve efficiency by as much as 1 per cent. in a few stages of the machi 
but necessarily by only a small fraction of 1 per cent. for the whole bi 

It would be natural to inquire how far assistance in these importe 
questions of nozzle-efficiency can be obtained by analytical methods. a 
attack already outlined is purely experimental, and if an analytical be 
could be built up not only would design methods be less empirical, b it 
indication of the theory would make experimental approach more dird 
and less “‘ hit and miss ”’, and the creature of general instinct and experiend 

The problem is obviously vastly more complex than that of the fl 
around an aerofoil, which has become susceptible to most useful math 
matical treatment. The main differences, when contrasted with. 
aerofoil, lie in the fact that in the case of the nozzle the angle to be tur 
through is much greater, that compressibility of the fluid not only cann 
be neglected but has a dominant effect, and, further, that in the flow thr. ou! 
the nozzle passage or across the nozzle-vane, the velocity is continuous 
increasing and the density continuously decreasing. a 

It is not surprising, in view of the complexity of the problem, thi 
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a analytical approach as has been ventured is, in the final issue, purely 
pirical and usually more pretentious than useful. I was, however, 
puraged some little time ago by Dr. F. W. Lanchester’s admirable 
ture on skin-friction! to see how far the known losses in steam- 
pine nozzles could be explained on the basis of skin-friction alone. 
lier and less complete attempts, at a time when nozzles were less efficient, 
e discouraging because of the great discrepancy between the calculated 
es due to skin-friction and the known or expected total losses in the 
le. 
The most important quantities in such an investigation are the kine- 
tie viscosity of the flowing fluid at various points in its passage, the 
ropriate coefficient of skin-friction, the Reynolds number with which 
»perate, and how it is to be calculated for so variable a passage as that 
ween adjacent nozzle-vanes. 
Lanchester published in his Lecture a curve of friction-coefficients co- 
inated with Reynolds numbers which he deduced from a large number 
variety of sources. With weighty and pointed argument he laid down 
the Reynolds number should be calculated with a dimension in the 
ction of flow as the “length ” co-ordinate. This for an aerofoil—which 
limiting and simplified use of a nozzle-vane—nominates the “ chord ” 
appropriate. 
On the other hand, the flow through a steam-turbine nozzle is a special 
‘complex case of flow through a rectangular channel, and for such flow 
sss. T. E. Stanton’s and J. R. Pannell’s 2 curves have an importance 
‘ified by their value in the solution of many hydraulic problems. The 
nton and Pannell co-ordinates, however, require that the Reynolds 
ber for a pipe—again a limiting and simplified case of a steam-turbine 
zle—shall be calculated with its internal diameter as the “length” 
2; that is, a dimension at right angles to the direction of flow. 
To avoid joining issue with either of these powerful schools, I decided to 
ke calculations by both methods, using in each case the appropriate 
ynolds number and friction-coefficient curves. 
The result was surprising. Losses in the particular turbine nozzles 
> ted as typical, when using four times the hydraulic mean depth of the 
sage for the Reynolds number with Stanton’s and Pannell’s curve, and 
ng the chord of the nozzle-vane with Lanchester’s curve, resulted in 
srminations of total loss in the nozzle passage, which agreed with one 
»ther within very close limits. Thus for a nozzle of type C of Figs. 27 
28 (pp. 116-117), the total skin-friction losses calculated with Lan- 
sster’s curve, was 2:44 per cent., and with Stanton’s and Pannell’s curve 


was 2-50 per cent. 


ae The Part Played by Skin-Friction in Aeronautics.” Journal Royal Aé. Soc., 
~ ee 
i (1937), p68 

“ec 


; 
. 


ns, Roy. Soc. (A), vol. 214 (1914), p. 199. 


Similarity of Motion in Relation to the Surface Friction of Fluids.” Phil. ~~ < 
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The basis of the method adopted is illustrated in Figs. 27, appliee 
three types of impulse-turbine steam nozzles, chosen because bee: 
thought to represent in many respects the extremes within which 4 

assages usually range. 4g 
: The first, eps re is characterized by a very open inlet rapidly ‘ 
verging near the throat to a nearly parallel orifice at that point, wh s 
second, B, has an almost parallel but slightly converging passage t 
exit. The third nozzle, C, is intermediate between these two, being clog 


Figs. 27. 


TYPE B. TYPE Cc. 
CALCULATION OF SKIN-FRIoTION Loss. 


similar to type A in the wide open entry, but differing in the absen 
short length of nearly parallel throat. err 

For the purpose of calculating the skin-friction loss the passage, 
split up into a large number of elementary individual passages, bouna 
by two surfaces on the nozzle-vane a short distance apart in the direct 
of flow, and of such form that they are at all points at right angles to | 
direction in which flow is judged to be taking place. i 

From the usual relations governing velocity and area at mo 
in a nozzle with an expanding fluid such as steam, the velocity and spec 
volume of the steam can be calculated for each elementary section of * 
nozzle for any selected set of steam conditions before and after the noz: 
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ortunately, the coefficient of skin-friction from Stanton’s and Pan- 
s curve for the first elementary passage at the inlet was found to be 


Fig. 28. 
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nost identical with that for the last element at the throat. For instance, a 
the case of nozzle A, the two differed by only 3-6 per cent. for an exit 
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velocity of 1,675 feet per second, and by 11-4 per cent. for a vel 
224 feet per second, whereas for nozzle B the differences were 3-7 per ¢« 
and 7:5 per cent. respectively. ; 
Again, for the third nozzle C, intermediate in type between A ana 
the difference for an exit velocity of 600 feet per second is 0-1 per Be | 
at 1,675 feet per second it is 8-6 per cent. by Stanton’s and Pan 
methods, whilst the use of Lanchester’s curves and Reynolds number gy 
a larger difference of 22-6 per cent. at the latter velocity. . 
As will be seen from the shape of the calculated friction-loss cum 
shown on the right of nozzle A in Figs. 27, the contribution to the total 
of the elementary channels near the throat is so much greater than t 
of those near the inlet, that with these differences in the correct frictit 
coefficient between inlet and outlet, no sensible error is introduced 
assuming for each element the friction-coefficient determined for 
throat elementary passage. 
The friction losses calculated in this way with Stanton’s and Panne 
curve are given in Fig. 28 for nozzles A and B for steam-velocities rang, 
from 200 to 1,650 feet per second, and for nozzle C with velocities rang 
from zero to 1,650 feet per second. It will be noticed that in both cases 
loss-curve slopes steadily downwards as velocity is increased, and 
corresponds to a steadily rising velocity-coefficient. 
Above this calculated skin-friction-loss curve the losses determ 
for the same nozzles in the 8.N.R.C.-type nozzle-tester are shown in dot 
lines. The circled points give the determination of losses by the pitot-ti 
method, and in spite of this very exacting method of plotting test rest 
they are in good agreement with the nozzle-tester result for nozzle B ana 
but whilst in good agreement for nozzle A at the lower velocity, the agz 
ment at the higher velocity is poor. 2 j 
The skin-friction loss given by such friction-coefficient curves ; 
lower limit obtained by very good or ideal forms, as Lanchester st: ond 
emphasized in the case of a form dragged through a fluid. We may e 00 
therefore, that the skin-friction losses calculated in this way represel 
lower limit, to which ideal nozzles may approach. In my cons 
opinion, any of these forms could be improved by experimental modit 
tions in the neighbourhood of the tail without change in any of the ite 
entering into the skin-friction calculations. 
It may reasonably be that the area between the calculated s 
friction-loss curve and the nozzle-test curve represents losses occurrs 
almost wholly beyond the nozzle throat, being associated with “ bres 
away ”’ and the difficult task of merging the separate streams in individ 
nozzles at the vane tip into a continuous stream just beyond the e: 
plane of the nozzle. It should be noted that, in general, the calculate 1lc 
curves have the same kind of slope as the test curves, except for no 2 
where it agrees with the pitot-test indications, if not with that c 
S.N.R.C.-type tester. 7 
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m order to see how the calculated skin-friction losses based on 
ton’s and Pannell’s curve varied right down to zero velocity, I have 
mm in Fig. 28 calculated curves of friction loss from zero velocity to 
0 feet per second. The deep valley at a velocity of about 50 feet per 
ind represents the Stanton’s and Pannell’s transition curve from stream- 

to turbulent flow. The velocity-coefficient characteristic which 
esponds to this calculated curve for nozzle C is shown in Fig. 29 by a 


Fig. 29. 


STEAM-VELOCITY: FEET PER SECOND. 


CancuLaTED VELoctty-CoEFFIcIENT For NozzLE C (Figs. 27). 


line. In view of the earlier discussion on the form of nozzle character- 
c, it is of interest to note that over the normal range of steam-velocities 
; calculated curve shows a steadily rising value of the velocity-coefficient 
h steam-velocity. 

I have suggested that the calculated skin-friction losses represent a 
ver limit to which the losses in an ideal nozzle may approach. | The 
naining losses probably vary with velocity and kinematic viscosity 1n 
ich the same way as the skin-friction losses. If this is so, Fig. 28 
ests that all losses may be reasonably approximated by increasing the 


ditional sources of loss. In the present state of the art of measuring these 


n-friction coefficient by about from 50 to 60 per cent. to cover these __ 
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losses, such an expedient is by no means so crude as may at first si 
appear. 4 
Great caution must be used in treating the losses determined by? 
nozzle-tester or by other methods of test as having an absolute value i ns ; 
of a comparative value, because it is doubtful if the absolute accuracg 
such methods, even in skilled hands, permits the velocity-coefficient td 
determined with greater absolute accuracy than + 0-4 per cent. of its vai 
Thus, a velocity-coefficient determined by test as 97 per cent. ms 
fact, be anywhere between the limits of 96-6 per cent. and 97-4 per ce 
which means that the losses may themselves be between the limits of 6-88 
cent. and 5-2 per cent., and that therefore they are determined with 
accuracy of only about + 14 per cent. 
Fig. 30. 


10 


Curve A denotes the calculated loss for a nozzle with S. & P. friction-coefficient, 
i - i i. — + and moving blade with S. & P. friction-coefficient. 


«® « i ee ” o «.  5O per cent. increased coefficient. 
« height-loss, deduced from tests on turbines. 
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Calculations with a friction-coefficient modified in this way just: 
themselves if they produce useful results by extending experimen: 
determination beyond the range reasonably possible to experime 
For instance, to take a simple case, it is known that, in a turbine, as 
height of the nozzle and the blade beyond it are decreased the efficie ney’ 
the combination decreases fairly definitely for heights below, say, 1 int 
By similar methods the surface-friction losses in both nozzle and mov‘ 
blade can be calculated for the same sections but with decreasing heigl 

The results of such calculations are given in Fig. 30 for a particu 
nozzle and moving-blade combination, for which the loss of efficier 
deduced from turbine test is given in the top curve. The fact that - 


_ expected increase in loss as height is reduced is greater than that caleu I i 
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the surface-friction coefficient increased 50 per cent., is in accordance 

expectation, because there are other known losses in such a com- 

tion of nozzle and moving blades, such as spilling, induction of inert 
ounding steam, splitting of the stream, and disk-friction and windage 

hrouding, which may be quantitatively indicated by the difference 

ween the two curves. ; 

A more important use of such calculation arises if it can give some 
cation of the variation in efficiency of nozzles and blading to be expected 
h changes in steam-pressure and temperature. In this matter even a 
sh indication would have a great utility, because the variation in 
iency of a nozzle and moving blade with pressure and temperature over 
full range now employed in practice, cannot be obtained even 
litatively by direct experiment on individual nozzles or blades. 

Some attempt was made in this direction over an extremely narrow 
ge by the S.N.R.C., but they advisedly put forward the results with 
siderable caution. Further, the results obtained were anomalous and 
ordant in themselves, and differ materially from the deductions from 
s on full-scale turbines within that range of variation. 

If the variations of efficiency with pressure and temperature are to be 
ulated, the most important quantity required is the change in viscosity 
steam with pressure and temperature over such a wide range as from 
00 Ib. per square inch and 1,000° F. to 29 inches of vacuum, or 79° F. 

Two recent researches have been made in this matter, one by K. Sigwart 
Germany, using the flow through a fine-bore tube 1, and the other by 
ssrs. G. A. Hawkins, H. L. Solberg, and A. A. Potter in the United 
tes, by observing the time taken for a plug to drop a known distance in 
losely-fitting tube 2. Whilst the viscosity determination of both agree 
y well at low pressures and temperatures, they differ widely at the high 
am-pressures and temperatures which are now of interest and importance 


sch it will be noticed that at a pressure of 2,000 lb. per square inch and a 
yperature of 1,000° F., Hawkins’s, Solberg’s, and Potter’s value for the 
ematic viscosity is 2-65 times that of Sigwart’s. 

Tt is of interest to recall that in connexion with the problems of flight, 


nchester long ago pointed out that the kinematic viscosity of air was 


arly 13 times that of water, and has suggested that the implications of 
s difference were for long unappreciated. I wonder whether it is 
nerally appreciated that the kinematic viscosity of steam at the con- 
jon of atmospheric exhaust and 330° F. usually employed in nozzle- 
sting is about 26 times that of water, and double that of air. Neither do 
hink it is appreciated that at a 99-inch vacuum—the usual pressure at 


2 i Te ee ee 
1 “‘Messungen der Zahigkeit von Wasser und Wasserdampf bis ins kritische 
niet.” Forschung auf dem Gebiete des Ingenieurwesens, vol. 7 (1936), p. 139. 

2 “The Viscosity of Water and Superheated Steam.” Trans. Am. Soc. M.E., 


|. 57 (1935), p. 395. 
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aust from the last turbine stage—the kinematic viscosity of steam is 
times that of water. Again, according to Sigwart’s determinations, 
inematic viscosity of steam at 2,000 lb. per square inch and 1,000° F. 
nly about one-fiftieth of that of steam at the atmospheric exhaust- 
sure and 330° F. temperature usually employed in nozzle-tests, 
vkins, Solberg, and Potter would make the ratio about 1/20. 

Both researches, however, agree that the kinematic viscosity of steam 
99-inch vacuum is over 14 times greater than that at which nozzle 


three nozzles A, B, and C for both 600 feet per second and sound- 
city at exit, and for the steam-conditions usual in nozzle testing, in 
trast with steam-conditions of 2,000 lb. per square inch and 1,000° F. 
bre the nozzle and for vacua of 27 inches and 29 inches of mercury 
he outlet. The calculations are made with Stanton’s and Pannell’s 
tion-coefficients, and both for Sigwart’s values for viscosity and for 
se of Hawkins, Solberg, and Potter. The resulting values of the 
erence of the calculated losses for the two sets of viscosity-determina- 
s do not differ greatly. 

Averaging the whole Table for the three types of nozzles and for sound- 
ocity at exit, the calculated improvement to be expected in nozzle- 
ciency at about 2,000 lb. per square inch and 1,000° F, is almost exactly 
ner cent. If we assume that the losses other than surface friction varied 
ih steam-pressure and temperature in the same way as surface friction, 
can be included by increasing the surface friction by one-half, then 
th sound-velocity at exit a nozzle should be 21 per cent. more efficient 
2,000 Ib. per square inch and 1,000° F. than at 27-8 lb. per square inch 
1 450° F. at inlet. 

Now consider the positions at the lower exit-velocity of 600 feet per 
ond. Considering surface-friction losses alone and averaging the 
ble for the three types of nozzles, the efficiency at inlet-conditions of 
0 Ib. per square inch and 1,000° F. would be almost exactly 2:3 per 
it. better than with 15-7 Ib. per square inch and 450° F. at inlet. If, 
wever, the remaining losses can be included by increasing the friction- 
ficient by one-half, then the improvement in nozzle-efficiency at the 
yher condition is increased to nearly 3-5 per cent. 

These are significant and important conclusions, which may play a part 
the ultimate development towards extreme steam-conditions. 

‘We can also, in the same way, arrive at an estimate of the decrease in 
zzle-efficiency for the steam-conditions in the last stage of a turbine 
hausting at 29 inches vacuum, as compared with the usual atmospheric 
haust of nozzle tests. 
‘In this case, nozzles A most nearly represent the type of nozzles which 
uld be used, and the exit velocity would be about equal to that of sound. __ 
r this nozzle we deduce that, with Stanton’s and Pannell’s coefficients | 


a 
‘ a 2 > 
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and for skin-friction alone, the efficiency of the nozzle in the last : | 
will be almost exactly 3 per cent. worse than that deduced from the noz7z 
test inlet-conditions of 27-8 lb. per square inch and 450° F. Further, t 
loss in efficiency is increased to 4:5 per cent. if the remaining nozzle-log 
can be represented by a 50-per-cent. increase in friction-coefficient. - 

The presence of this considerable loss in the low-pressure end of a turk 
has probably been overlooked because the improvement in the efficiene 
the nozzles in that end of the machine, due to the greater angles of effi 
of the nozzles there employed (exhibited in Figs. 25 and 26, p. 113), ] 
also been insufficiently appreciated. - 

Again, Table IV shows that, compared with the atmospheric exha? 
of nozzle-experiments, whilst the increase in calculated surface-friction lc 
with friction-coefficients increased 50 per cent. to cover all losses, would: 
4-5 per cent. when exhausting to a 29-inch vacuum, it would only ° 
2-31 per cent. for a 27-inch vacuum. Thus the increase in kinemai 
viscosity results in a decrease in nozzle-efficiency of 2-25 per cent. ¢ 
these 2 inches of vaccum, a fact which has, I believe, been ignored in t 
calculation of vacuum corrections. ; 


I cannot conclude without acknowledging my great indebtedness 0 
those with whom I have worked and who have worked with me on th 
subject, and in particular to Mr. K. Baumann, Mr. N. Elece, LS 


Mr. J. R. Finniecome, Mr. B. Hodkinson, M.Sc., Assoc. M. Inst. 0.E., M 
C. G. Lloyd, and Mr. R. Poole, Assoc. M. Inst. 0.B. 
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Taste IV.—Fricrion Loss 1x NozziEs at Various VELOCITIES, PRESSURES, AND TEMPERATURES. 


dae 1 | 2 | 3 | 4 | 5 | 6 7 | 8 | 

1 Exit velocity RAE ee Seen, some Critical 600 feet per second 
2 Exit velocity: feet persecond . . . . - ee 1,670 | 2,040 1,670 | 2,040 1,670 | 2,040 600 600 

3 Section Soa Re bo” ta ie oo 4 A B Cc A B 

4 Pressure: Ib. per square inch . 6 pt eRe 2,000 27:8 2,000 27°8 2,000 15-7 2,000 15-7 2,000 

= Tulet conditions | 
= 5 Temperature: °F... . . se + 450 1,000 450 1,000 450 1,000 450 1,000 450 1,000 
6 _ ¢ Pressure | Ib. persquareinch. . . . 14-7 1,090 14:7 1,090 14:7 1,090 14:7 1,920 14-7 1,920 
Outlet conditions 

gf Temperature: °F. . 2. 2 2 2 + + 330 811 330 811 330 811 435 982 435 982 
8 Specific volume of inlet (1939, Callendar) : cubic feet per lb. 19-36 0-394 19-36 0-394 19-36 0-394 34:38 0-394 34:38 0-394 
9 8 outlet ene 90 a 31-78 0-632 31-78 0-632 31-78 0-632 36:12 °| 0-405 36-12 0-405 
10 Absolute viscosity at outlet : 1b.-seconds per square foot x 10? 319 tbo 319 300 me 1 a9. 506 a een | eee ~ sr 5-12 
11 Kinematic or 5, Square feet per second x 10° . | 31-9 1-04 31-9 1-04 31-9 1-04 40-8 0-676 40-8 0-676 


Reynolds number (Stanton and Pannell) 251,000 | 9,390,000 | 130,800 | 4,890,000 | 174,000 6,500,000 | 704,000 | 4,250,000) 36,600 2,210,000 


Friction-coefficient (Stanton and Pannell) . . . + + + | 0:0152 0-0094 0-017 0-010 0-0162 0:0097 0-0194 0-0101 0-0225 | 0-0109 


— 
Be) 
Absolute vis- 
cosity (Sigwart) 


14 Total friction loss: per cent.. . . 9. - + + + + + | 3/100 1-783 3-436 1-68 2-507 1-154 4-48 2-331 6-15 2-981 
= 15 Difference in total friction loss: percent. . . + + + + ms BLY L756 == 118 {58} —2-149 — 3-169 

16 Absolute viscosity at outlet : ‘Tb.-seconds per square foot x 10’ aoa 9-3 3:2 9-3 3:2 9-3 3:5 13-2 30 13-2 
iy Be Kinematic “A As square feet per second x 10° . 5 1-915 = 1-915 — 1-915 — 1-74 — 1:74 
18 Coe Reynolds number (Stanton ane Pannell)\e es see — 17,300,000 — 9,010,000 — 12,000,000 = 1,650,000 oe 860,000 
19 g se Friction coefficient (Stanton and Pannell) . . . - » + | — 0-0088 = 0-0094 es 00092. |  — 0-0113 — | 00123 
20 2h Total friction loss: per cent.|. aie region oo Woon i) aT Ls 3:10 1-737 3-436 1-62 2-502 1-131 4:48 2-608 6-15 
21 Difference in total friction Joss: per cent. . . — 1-363 — 1-816 — 1371 — 1-872 — 
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RITISH-AMERICAN ENGINEERING CONGRESS, 
1939. 


The following Paper, dealing with conditions in Great Britain, was 
ave been presented at the British-American Engineering Congress 
Tew York in September, 1939, and was therefore primarily prepared 
reading before American Engineers. 


“Modern Sanitation in Great Britain.” 
By Davip Mowat Watson, B.Sc., M. Inst. C.E. 
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INTRODUCTION AND EXPLANATION. 


1 very wide field covered by the title of this Paper makes it necessary 
‘mit from the outset, and in some degree, the subject discussed. “ Sani- 
on” is the improvement of conditions which affect health, especially 
n regard to dirt and infection. Sanitary engineering, although a more 
umscribed subject, is still a very large branch of what may be termed 
ablic health’; undoubtedly it embraces town planning, housing, 
king conditions, ventilation, heating, lighting, water-supply and water- 
rices (both hot and cold), plumbing, house-drainage, public sewers, 
ification and disposal of sewage, surface-water drainage, purity of rivers 
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and estuaries (including bathing beaches), highway-drainage, cleans 
and scavenging, collection and disposal of refuse, mortuaries, ceme 


stuff factories. 

It would be so difficult to know how to limit the application of the te 
“sanitary engineering ”’ to these many branches of modern technical w: 
and their ramifications, that the Author makes no apology for 
construed the invitation to write a Paper under such a title, as ap plyy 
to main sewerage and to the purification and disposal of sewage. 

There are many differences between American and English sew: 
works practice and the Author lays no claim to being able to specify 
but he hopes that the following notes on English practice may be of intere 
By no means has every detail of the subject been dealt with, because s ou 
of the phases neither have altered in recent years nor are notewort hy j 
the present time ; the Paper, therefore, aims at focusing attention on or 
a few matters of importance. 

There is little need to remind either American or English engine 
that it must never be forgotten that water-consumptions are so very mu 
at variance in their two countries, that the sewages are different ; 
require different treatment, and, furthermore, that it is customan 
England to give full treatment to all volumes of sewage and storm-¥ a 
up to a maximum of 3 times the dry-weather flow. 


CENTRAL ADMINISTRATIVE ConTROL oF DESIGN. 


Since 1915, if not earlier, English practice in sewerage, and in pi ry 
cation and disposal of sewage, has been moulded on the lines suggest 
by a Royal Commission on Sewage-Disposal which was appointed by Qi al 
Victoria in 1898, which sat under the chairmanship of the Earl of Iddesleig 
and which issued its final report in 1915. During the 17 years 
its existence the Commission issued, altogether, ten reports and supp 
mentary volumes, examined innumerable witnesses, and rendered invalua 
service to sanitation and public health by co-ordinating and summariziZ 
the results of experience available to them, | 

As was to be expected, the Local Government Board (now the Minis 
of Health), local authorities, and sanitary engineers were guided in thf 
subsequent actions and designs by the recommendations of the Roy 
Commission. Although the Commission carefully framed their rec 
mendations in general terms, and the Ministry took advantage of thi 
work only in the same spirit, the belief was held for many years by a gre 
number of designers that these recommendations were to be regarded | 
requirements, rigid compliance with which was a necessary preliminary | 
obtaining the sanction of the Ministry for the expenditure of public moni 
borrowed for the purpose. Those designers were wrong and it may be th 
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sreat harm resulted, but the Author is of the opinion that they were 

onsible for some loss of experience by the community. No matter 

small and unimportant the contemplated sanitary-works so affected 

have been, it is certain that the engineer did not exercise as much 

nality in design as he would have done had he believed himself 

rely free to regard the problem on its merits, referring only to the 

ngs of the Royal Commission as he might have referred to any good 

-book which told of the fortunes of others who had failed or succeeded 

blving comparable problems. 

The function of the Ministry of Health in this respect is to examine 

proposals of a sanitary (or local) authority, and approve them as 

plying with all reasonable needs, taking no unwarranted risks with 

lic money, such as, for instance, foolish experimentation, and finally 

anction the borrowing of the necessary money by the sanitary authority. 

formance of these duties by a central authority is regarded in 

‘land as necessary and desirable in the interests of the ratepayer who 

pay for the work, and there can be no doubt whatsoever that many a 

ly of ratepayers has this system and the Ministry to thank for having 

n spared the expense of unnecessary or foolish works. It is possible 

a local authority to carry out works without referring the matter to 

Ministry, but only if they are prepared to pay for the works out of 
mue; in other words the size of works is severely limited. The 

hor’s experience as a consulting engineer, coming into contact with the 

ials of many local authorities in the country, has been that there were, 

there still are, some engineers who believe the Ministry to hold well- 
ed views on all subjects, to have standards for all occasions, and to 

st on repetition of past types of design to the almost complete exclu- 

1 of new ideas. Ill-founded and unjust though this belief is, it 

strates a stumbling-block in the way of progressive design; it is an 

ediment to communal experience which will continue so long as all_ 
gns must be subject to the approval of any one body of technical 
a. It is hardly consistent, however, that the Ministry take no responsi- 

by for any works they may sanction, whether amended at their sugges- 

| or not. 

The Ministry undertake no research work and, so far as the financing 
-xperimental work is concerned, that is to be regretted, because there 
6 much work to be done that the Government should pay for out of 
ional funds. On the other hand, however, it would seem improper 
t the engineer should be made to depend on the one department both 
nformation and for permission to give effect to his own ideas. 

The Water Pollution Research Board does excellent work, which the 
thor, in common with others, acknowledges gratefully, but the resources 
e Board, and hence, of course, its sphere of activities, are too restricted. 

scope might profitably be greatly widened, by suitable constitution and ~ 
ncial aid, to investigate all matters of purification and disposal of 


NC 


F 
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of the law must be borne in mind in designing, although compliance w 


. 
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sewage and to publish the results of its work, making facts ave " 
to all so that only the interpretation of results need be a matter of opint 
It seems particularly desirable that all new ideas and patents show 
tested under normal working conditions and should not be left to comm on 
concerns to take up and advertise. i 


SuRFACE- WATER. 


One of the results of the deliberations of the Royal Commission# 
Sewage-Disposal was a recommendation that, in times of rain, the volil 
of sewage conveyed to sewage-works for treatment, before being al 4 
to overflow or discharge to a watercourse, should be not less than 6 ti 
the dry-weather flow. Only the volume resulting from a maximum 1 
of flow of 3 times the dry-weather flow was recommended for compe 
purification, but the excess (that is to say, from 3 to 6 times the 
weather flow) was recommended for treatment by settlement in stot 
water tanks. Compliance with such a recommendation requires, on | 
one hand, sewers larger than would be necessary to convey only — 
domestic sewage and trade wastes of an urbanized district, and on. 
other hand, it involves sewers which are not necessarily made large eno% 
to carry all the surface-water as well as the dry-weather sewage-flow. 

Most, if not all, river authorities, concerned as they are onl Ay 
small English rivers, recognize that if a sanitary authority is treatingg 
sewage and surface-water in compliance with these recommendations, 
doing all that it should fairly be asked to do, although there are, of cons 
exceptions where special considerations, such as water-supply inti 
exist on the river. This recognition of reasonable limitation of volm 
of foul water to be treated before discharge to the watercourse is, howe 
in itself, an anomaly, because it is not upheld by law. The Public Hee 
Act, which is the only law under which a sanitary authority deriv eS | 
right to discharge sewage to a watercourse, gives the sanitary autho} 
all the facilities it needs in that respect, but it says, in effect, that 
stream must not be affected so that it is made worse in quality than it » 
before the sewage was discharged to it. It is, of course, no defence in | 
to plead that the Royal Commission’s recommendations, adopted by ' 
Ministry of Health and recognized by most river authorities in the count 
have been observed. Nor is the legal position affected by the fact that i 
Ministry may have approved the very works giving rise to the offen! 
if the sanitary authority is proved to have polluted the river or stream tl 
the offence is established. _ © 

This is an unsatisfactory state of affairs, because the stringent conditi’ 


the recommendations of the Royal Commission will in all probability) 
going quite far enough. Despite the fact that it can, logically, be arg 
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) the recommendations should be either ignored or made effective by 
in practice the present compromise seems to work fairly satisfactorily. 
hay be observed, however, in cases where authority to proceed with 
e schemes is obtained direct from Parliament instead of by application 
he Ministry of Health, that the resultant private Acts usually specify 
dards of purity to be attained by all volumes of effluent up to a 
imum rate of flow of 3 times the dry-weather flow just as the Royal 
mission recommended; in most cases the same standards are laid 
D. 

[he work of the Royal Commission directly affected the design of 
ers in the country and it is rare that an overflow, constructed to shed 
m-water into a river, is intended to operate before the sewer is dis- 
sing 6 times the dry-weather flow. In the case of small places a 
er to carry 6 times the dry-weather flow is frequently expected to carry 
he whole of the surface-water of the area, and it is somewhat astonishing 
frequently it seems to do so without causing trouble or complaint. 
h a sewer, relieved at*intervals by storm-water overflows, may serve 
district long after urbanization has advanced beyond the point where, 
heory, the sewer is inadequate. Large sewers to discharge not only 
foul sewage, but the whole of the surface-water of the area served, 
e never found universal favour in Great Britain ; neither has the other 
eme view been generally adopted whereby no surface-water what- 
er is discharged to the foul sewers, but to special surface-water sewers. 
imples of both systems are found in a number of places, particularly 
0 far as the latter is concerned, but, because objection can be taken 
oth systems, a combination of the two seems to be the most favoured. 
he combined system the sewers are too large for efficient self-cleansing 
ration except during storms; in the separate system the foul sewers 
invariably found to discharge surface-water in considerable volumes 
lefiance of the theory involved, probably owing to the impossibility of 
nining perfection of executive work and supervision of all connexions. 
In many places, therefore, a combination of these two systems of 
erage, known as “ partially separate,” may be most frequently found. 
ds, streets, and large impermeable areas, as well as front roofs of houses, 
drained to a surface-water drainage system, separate and distinct from 
foul-sewage system which is designed for foul sewage, including 
Je waste, plus rainwater from only back roofs and yards. Even so, 
intercepting sewers are usually limited by design to 6 times the dry- 
ther flow, and overflows from them are included as an essential part 
he system. The maximum rate of flow aimed at is the ideal as defined 
the Royal Commission, whereby the volume discharged to the sewage- 
rks for purification reaches 6 times the dry-weather flow, and only 
nes in excess of that amount are discharged, without treatment, to 
‘river or watercourse. In practice, this system of compromise works » 


Jand gives good results. 


a ae 
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Separation of surface-water gives rise sometimes to the mistaken i: 
that surface-water is a clean, unpolluting discharge, whereas the fac« 
almost too well known to need repetition that the first flushes of 
water may be fouler than sewage. As the right to discharge s rfef 
water is probably only the same as the right to discharge sewage, that: 
say, it is qualified to the extent that it is only a right provided thai 
pollution is caused, it seems to the Author that a case has been 
out for more careful treatment of surface-water, If all sewers were 
the large combined type carrying all surface-water as well as sewa 
the problem would be solved on the lines of the Royal Commission’s¢ 
commendations, and only the design of the overflows to the rivers 
streams would stand between the practicability of discharging a reasons 
volume of polluting-water to the sewage-works for treatment and 
protection of the river. As it is, however, the combined sewerage s: 78 
is impracticable and there are many watercourses suffering as the res 
of discharge of surface-water sewers or overflows of storm-water from 
sewers of inadequate capacity, or both. ° 

Where separate systems for foul sewage and for surface-water ex: 
no mere increase of the discharging capacity of the foul system, e% 

beyond 6 times the dry-weather flow, will obviate this source of pollt 
of rivers and watercourses ; furthermore, no change of practice will h 
unless it has the effect of passing the first flushes of surface-waters fri 
their own sewer into the foul-water sewer for discharge to the sewa 
works. { 
This unsolved difficulty exists in varying degrees in different sizes 
urbanized districts ; it depends on the character of the development, 

the watercourses draining the area, and it is not always known to er 
until it becomes serious, but further urbanization beyond some criti 
stage may focus attention on the state of the watercourse. The Aut: 
believes that this problem must be faced in some industrial areas dun 
the next generation unless neglect of rivers is to be condoned. q 

A striking example of the fact that this difficulty need not exist, beeat 
it can be overcome by rational methods, is found to-day in West Middles 
Some years ago the Author’s firm, instructed by the County Count 
Middlesex, constructed sewers and one central sewage-purification Pp 
for an area of 160 square miles of a highly-urbanized area of what was, 
the most part, Greater London, Twenty-eight existing sewerage sys te 
of all sizes, ages and types were linked up into one, and their twenty-e 
sewage-purification works were rendered unnecessary; the pr " 
population is about 1,250,000, and the ultimate 2,000,000, whilst the c 
was about £5,500,000. The incidence of surface-water run-off was - 
to be expected to reach maximum intensity from the whole area sir : 
taneously, and the sewers were designed to discharge 6 times the th eoreti 
dry-weather flow, with the result that more than this maximum dis 
is accepted at times from individual contributing local systems : 
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ble increase in the main sewage-flow. Eventually it may be necessary 
xercise control over the maximum rate of discharge from any or all 
ocal systems, but at present the indications are otherwise, because the 
at the central sewage-works at Mogden (Middlesex) has never exceeded 
mes the present dry-weather flow as gauged at the works, and the 
ber of times it exceeds even 3 times the dry-weather flow is small, 
the result that practically all the storm-flow of surface-water is treated 
ormal sewage-flow and receives full purification just as if it were 
mary dry-weather sewage. The constituent districts still have surface- 
pr to dispose of in quantities varying according to the degree of separa- 
or otherwise which their local system affords, but all of them discharge 
= volumes of surface-water as well as foul sewage to the county’s 
sts, and the rivers of the county have benefited enormously. 


MULTIPLICATION OF Co-ORDINATED DRAINAGE SYSTEMS. 


Jonsiderable impetus has been given, in recent years, to the tendency 
wo or more authorities responsible for sewerage and sewage-disposal to 
tdinate their efforts. That watersheds are the correct guides to 
mage authorities in drawing up boundaries is obvious to the drainage 
neer, but unfortunately there are other interests which have had to be 
ed in the past, and in Great Britain the drainage engineer’s heritage 
| only too often, been restricted and made difficult, costly, and unsatis- 
ory because he has had to serve one sanitary authority defined by Act 
arliament as a County or Municipal Borough Council or as an Urban or 
ural District Council. Those authorities were seldom, if ever, found to 
ess the ideal self-contained drainage area, so that the engineer was 
d to make the best of a bad job, perhaps spending more on sewerage 
he would have wished because of the irrational plans he had to adopt, 
aping where pumping would otherwise have been unnecessary, and 
fying and discharging sewage only at the best available site afforded 
is district, instead of by the watershed in which his district was 
A number of large drainage boards and joint committees did, of course, 
t, as well as arrangements on a smaller scale whereby some authorities 
pted for purification and disposal the whole or part of the sewage of 
or more neighbouring authorities. Of recent years, however, this 
mnal form of administration of drainage matters has received con- 
rable encouragement. The County Council of Middlesex led the way 
applying to Parliament in 1931 for authority to carry out the works 
cited. A report issued in 1935 by the Ministry of Health entitled 
reater London Drainage” and signed by Sir George Humphreys, 
ser Chief Engineer to the London County Council, Mr. T. Pierson ~ 
nk, his successor, and Mr. J. R. Taylor, then of the Ministry, was 
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given considerable publicity and sympathetic study. This advocated 
co-ordination of drainage authorities around London into groups im : 
such a way as was then being arranged by the Middlesex County Cow 
in West Middlesex. Since then the Hertfordshire County Council f) 
promoted and obtained an Act of Parliament authorizing them to 
ordinate the sewerage systems in the Colne Valley, north-west of V 
Middlesex ; the Middlesex County Council promoted and obtained ano 
Act a year later, and are now engaged in doing the same in the remaii 
part of their administrative area as well as small parts of Hertfordshire: 
Essex ; the Surrey County Council has quite recently had before 
report advocating similar steps and intends to aim at the id 
recommended therein, although it does not propose to incur’ 
expenditure at present; and parts of Essex are known to be giv 
consideration to amalgamation proposals. The West Kent Sewez 
Board has been in existence for many years already, so that, if the § 
and Essex co-ordinations materialize, London will be entirely surrour 
by sanitary authorities with administrative boundaries far wider than 
boundaries of any of the older sanitary authorities. Not only aroi 
London is this development of drainage administration taking place, P 
from a number of the more densely-populated districts comes new 
similar merging of interests, as well as from small places where econ¢ 
allows of the desirability of eliminating as many sewage-purification wa 
as possible in favour of fewer and larger units. The Ministry are achie 
good results in encouraging this practice. i 


Liquip WASTES FROM FACTORIES. 


It has been generally recognized for many years now that the ws 
waters from manufacturing premises should be received into the pt 
sewers for treatment with ordinary domestic sewage, but until a 
recently the sanitary authority was under no obligation to accept 
Quite naturally this led to irregular practices, resulting in pollution 
streams, either near the manufacturer’s works, at surface-water outf: ; 
or, owing to upset of sewage-purification works, when a flush of the i: 
bitory liquid was discharged to the public sewer. It is true that sanit 
authorities have been steadily accepting more of these trade wastes in 
past, but the conditions under which they have received them have va‘ 
considerably, Under the Public Health (Drainage of Trade Premii 
Act, 1937, however, the manufacturer has now the right to give ni 
that he wishes his wastes received into the public sewers of the sanit 
authorities, who then notify him with what conditions, if any, they v 
him to comply, precedent to the discharge. They may, for instan 
ask him to give some form of preliminary treatment ; they may dems 
a special payment over and above the local sewerage and sewage-pul 
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on rate; they may limit the maximum rate of discharge and insist on 
orm rate of discharge throughout the twenty-four hours of the day ; 
r may restrict the facilities to include only effluents of less than a 
letermined limit of temperature, strength, suspended matter, etc. 
he other hand, the manufacturer has the right of appeal to the Ministry 
Health, and in the extreme case he may refuse to comply with the 
ditions and continue to dispose of his own wastes. 

Although these conditions may be onerous, it seems only fair that the 
} of manufacture of an article should include the cost of the harmless 
osal of any wastes which arise during the manufacturing process. 
hermore, the right of appeal to the Ministry means that the local 
norities are debarred from trying to take unfair advantage of the manu- 
urer, even if they wished to do so, and, in the Author’s opinion and 
erience, this is highly improbable ; any appeal to the Ministry is much 
e likely to arise owing to a genuine divergence of views, or to a desire 
he part of the local authorities to attain too great a degree of security 
nst upset of their sewage-works. 

In the past, and as is only natural, manufacturers have paid little 
no heed to the character of the liquid wastes discharged during the 
ious processes thought to be best in their works. It seems, however, 
happen that when the waste problem is seriously tackled it would be 
damentally wrong to accept present manufacturing methods as 
essarily being best even from the manufacturer's point of view, because 
Paper * dated January 1938, Dr. Albert Parker, of the Water Pollution 
search Board, points out cases where the whole difficulty of disposing of 
Je wastes has been solved by altering manufacturers’ methods. For 
ance, effluents from beet-sugar factories have been reduced to practi- 
y nothing as the result of the work for which Dr. Parker is responsible. 
nin, to cite the milk industry, churns are allowed from 1 to 2 minutes 
drain where formerly the process was hurried; the milk saved by 
itional draining time amounts to as much as 1 day’s supply in the year 
the wastes are comparatively easy to purify owing to their reduced 
ume. 

Nevertheless, cases do arise where the manufacturer still has to consider 
sther or not he will find it cheaper to purify and dispose of his own 
Ltes. One case exists where the manufacturer is asked to pump his 
stes, to pay for the laying of a pumping-main through the town to the 
al authority’s sewage-works, to pay his share of enlargement of the 
rage-works, and to pay for the increased cost of running the works. 
is is an extreme example because in this case the trade wastes may bear 
high a ratio as 3 to 3} times the whole flow of sewage from the rest of 
. town, and the financial burden placed on the manufacturer may be 


* “The Treatment and Disposal of Trade Waste Waters.” ‘Transactions Inst. - 
m. B., vol. 16 (1938), p. 19 (January, 1938). 
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severe. The local authority borrows money for capital works on a 1d 
period loan (usually 30 years) so that the annual burden is spread over 
loan period, but the manufacturer may, if it suits him, close his w 
down summarily, and so he must find his share of capital expendituri 
cash, ta { 
The general obligation placed by the Act on local authorities nm 
result, however, in the long run, in the improvement of ditches, stred 
and watercourses in the vicinity of all works, and in some cases the ¢e¢ 
tion of pollution of ground-water and even of water-supply; it m 
result also in the equipment of the sewage-works to deal with all the lic 
wastes of the drainage district. y 
As the large drainage district is much less likely than the smal. 


7 | 


suffer from too great a proportion of trade wastes to domestic sewage, | 
compulsory acceptance of trade wastes may lead in some places— 
necessarily the smallest—to increased difficulties at the sewage-won 
conversely, it leads, in its turn, to manufacturing towns in some ¢é 
wanting to take into their sewers the domestic sewage of outlying dorm iti 
areas or residential suburbs. Here, then, is an additional encourage 
to the treatment of sewage in bulk. 


CONTAMINATION OF GROUND-WATER. 


It would seem that closer attention than was formerly the case is be 
paid to the possibility of contamination of underground water-sup) 
This has been accentuated by a recent unfortunate and serious outbr’ 
of typhoid fever which occurred in a large town not far from Lond 
More than forty deaths resulted and the cause was ascribed to the p ose 
of a typhoid-carrier engaged temporarily in one of the adits, It h 


been suggested that there is any connexion between sewerage or § 
purification and this epidemic, but the seriousness of the experience wok 
appear to have emphasized the vulnerability of underground st 
supplies. It seems to the Author that an increasing number of authori 
responsible for water-supply are raising questions about possible leg 
from sewers, and, what is a more complicated problem altogether, pos 
soakage into the subsoil of sewage from sewage-purification works, oy 
to cracks in tanks, faulty pipe-connexions, and, of course, drainage fri 
sludge-drying beds. Provision of a costly impervious bed of clay} 
concrete under the whole of the sludge-drying bed area has been asked 
and agreed to, in two cases which have recently come to the Autl 
notice, and in both cases steps have been taken to investigate ~ 
practicability of alternative methods of sludge-treatment eliminating 
open drying-bed. In both cases the underlying geological formatio 


chalk, which is probably fissured and would provide easy access: 
sludge-drainage to reach the underground water. 
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n the case of the West Middlesex works, where provision had to be 
e for the disposal of sludge from a design population of 1,250,000 people 
an ultimate population of 2,000,000, the underlying stratum of London 
was probably the means of saving the County Council from being 
d to take similar measures over an area of 175 acres. As it was, they 
vated a trench, through ballast, down to the London Clay and filled 
ith puddled clay, well keyed into the London Clay below and well 
ected from the heat of the sun at ground-level by a superimposed 
tankment. ‘This “ puddle wall” cost over £30,000 ; it varied in depth 
h 12 feet to 25 feet ; it was over 2 feet wide and was about 3,864 yards 

The Middlesex County Council are being asked to do exactly similar 
(on a comparable scale) at their projected sludge-treatment works at 
mmey Marsh in the Lee Valley for the whole of the Hast Middlesex 
nage district, and every similar case which occurs tends to focus 
ntion on the need to consider carefully where the drainage from sludge 
7 percolate, and, if necessary, to act accordingly, 


Sra-OUTFALLS. 


No marked consistency in the method of the disposal of sewage into the 
ean be noted. The degree of treatment, if any, varies, and rightly so, 
ording to local circumstances, but discharge of crude sewage which has 
ered no treatment whatever is becoming less common. Disintegration 
the solid matter prior to discharge grows in favour, and indeed it is 
n justifiably prudent to adopt it even where the need is not conclusively 
ved by a knowledge of the behaviour of local currents. Settlement of 
sewage to free it, as far as possible, from suspended solids prior to 
sharge is being recognized as sound practice, gaining in popularity, and 
ceding a major point to sentiment where bathing beaches are concerned. 
bulous areas which give rise to the sewage which is to be disposed of by 
outfall are usually accompanied by bathing beaches at the nearest 
ees on the coast, and there arises the desirability of studying the 
lity of the sewage-discharge as well as the precise location of the outfall 
the currents into which discharge will take place. Full purification is, 
all intents and purposes, unknown at seaside places. 
It is worthy of notice in passing that nowhere, to the Author’s know- 
ge, has the value of the sludge recovered from the sewage ever affected 
‘standard of purity aimed at in the effluent prior to discharge to sea. 
ste of fertilizing value is admitted on all hands when sludge is poured 
9 the sea, but its conservation may cost more in currency than the 
rket value of the recovered sludge. Thus the ultimate standard of 
nomics applied to the problem is not the gain or loss to nature, but the _- 
ct on the pockets of living man, who wishes to save money at the 
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expense of nature and posterity. Such policy is, at least, opem 
argument. 


MECHANIZATION. 


In this mechanical age when the tendency of so many operations in 
trades, businesses, duties, and even pleasures, is to introduce machine 
do what, formerly, had to be done by the hands of men, it is to be ex pec 
that sewage-works should move with the times. Certainly the design 
new works in Great Britain is incomparably more “ mechanized ” the 
was 25 years ago, but economics cannot wholly be ruled out as a causi 
change, because, while suitable machines have tended to become easies 
find, if not actually cheaper to buy, labour has become much more cor 
and the economic balance has been altered. Sewage-works which fort 1 


relied for their operation on manual labour are, to-day, introdua 
mechanical plant without hesitation where circumstances seem fit, anc 
works, particularly of the larger type, are designed so that little moret 
the control is manual. 

The probable result of this tendency is, no doubt, gradually lessem 
many of the differences between American and English practice ; mucb 
the mechanically-operated plant nowadays finds a market on both sides 
the Atlantic and the similarity of practice in the two countries is +) 
increased. Whereas, 30 years ago, the design of even large works avo 
mechanism, except perhaps for screening, detritus-tank cleaning, and 
simplest form of distributor or sprinkler on the filters, the position te Xu 
is so different that enumeration of the mechanical and electrical ¢ 
ponents installed would be encyclopedic. It is certain that screenir g 
screen-raking have been mechanized on large works to such an exten pti 
even the smaller works are also beginning to rely on it; it has influent 
the whole question of the removal of screenings and grit, sedimentation! 
sewage, and final settlement of the purified effluent. 

Hand-cleaning of tanks is disappearing, and although the advantas 
of mechanical cleaning are sometimes challenged on grounds of econon! 
they are very real and they remain valuable in certain circumstances. — 
a built-up area the removal of sludge from tanks without offensive sme 
achieved better under water by mechanical means ; importance is attach 
to the removal of sludge in as fresh a state as possible, both because of 

_ own subsequent treatment, and because of the condition of the tai 
effluent ; the tank-capacity may be reduced, partly owing to the smai 
sludge-storage needed, and partly owing to the fact that tanks are not 1 
out of commission, for, say, 1 day per week for cleaning. Hand-cleanina 
not a pleasant operation for the men engaged, and whether the enginee: 
justified in employing it when he can install machines to do the work j: 
as well in all respects but one, is at least a debatable point. That 
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sct is thoroughness ; no machine can rival the conscientious work of 


Mechanization has of course affected the design of tanks ; a rectangular 
is probably the best for hand-cleaning, but mechanical scrapers are 
b easily adapted to circular tanks than to rectangular ones and many 
2 circular tanks are beginning to appear, probably for this reason. 
hanical scrapers for rectangular tanks are obtainable and are in 
ence, but their popularity is not so firmly established, and it may be 
new designs are awaited. 


SCREENINGS. 


Disposal of screenings by burying was, and still is, common practice 
many works; incinetation has never been generally practised and 
y the rational theory that the bulk of the screenings are, in fact, 
ge and should, if possible, be treated as sludge, gains adherents. As 
minutors are not known in Great Britain to the extent of having been 
ed on serious duty, a custom gaining in popularity is to remove the 
enings in the ordinary way, disintegrate or macerate them, and return 
m to the sewage-flow above the screens. Mechanically considered, this 
ears to be a clumsy and wasteful method, but in fairness it has to be 
embered that the volume of screenings and sewage passing through the 
mtegration process can be reduced to a minimum and hence the dis- 
erator or macerator is a smaller machine than if it were passing the 
le of the sewage-flow through it. Obviously, economics will eventually 
ide this issue in each particular case ; there is, on the one hand, a large 
chine passing the whole flow and disintegrating solids which are a small 
centage of the total volume, and on the other hand, a screen to pass the 
ole flow, screen-raking gear, and macerator for only a small quantity of 
rage-flow plus screenings. 


od 


GRIT. 


One of the aims of the designer of a modern works is to eliminate that 
sive and difficult mixture of organic and inorganic solid matter formerly 
led “ detritus.’ This was usually an impossible mixture of organic 
dge and mineral matter derived from the rain-washings of impermeable 
faces, and there was only one form of disposal for it; that was burial. 
Only in recent years are engineers getting away from the handicap of 
sh an objectionable feature on the works as was the detritus tank, and 
m the unnecessary problem of burying a portion of the organic sludge 
ich should have been treated inoffensively along with the bulk of the ~ 
dge produced. The Royal Commission recommended the provision of 
; 
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of the dry-weather flow, and the Ministry of Health adopted the 
mendation, which therefore had more apparent encouragement 
ought to have had, and certainly too little criticism. Like other suggesti 
made by the Royal Commission, the standard of capacity as the 
criterion of tank-design was unfortunate as seen to-day, but, by appea 
to reduce the rudimentary sewage-works design to a rule-of-thumb me H 
the Royal Commission achieved their object in so far as they intro dos 
easily-settled organic matter as sludge if it were practicable so to trea 
but the disadvantages of having a non-homogeneous sludge, charged W 
heavy matter of a non-volatile nature, are too great, and it is usila 
considered necessary to free the sewage from grit so that the resul 
sludge is more easily treated. Once the point is conceded that grit m 
be removed, the question of whether that grit need be free from off 
organic matter or not is easily settled in favour of clean grit wherever: 
disposal in a thickly-populated district is necessary. . 

To-day, therefore, the aim is to separate completely the heavy inorgai 
grit and light organic sludge ; not only should the velocity of flow in 
grit channels be controlled, but methods of removal of the grit from 
grit channels must be adopted such that the grit is, to some extent, wask 
free from organic matter, which has been deposited with it in spite 
designer’s aim. Furthermore, the grit recovered from the grit chan 
can readily be cleansed again. For instance, the grit at the Mogden we 
of the West Middlesex Main Drainage District is recovered from 
channels by pump-dredging, thus being washed when it is first picked 
it is delivered into grit-washing chambers, which are vertical cylinders 
designed that the vertical velocity is about 0-2 foot per second, and 7 
grit settles whilst the sewage rises and passes away over circumfe ent 
weirs ; further washing by clean water forced into the deposited grit thi 
takes place and is continued to any required degree ; lastly the gri 
removed from the grit-washing chambers by pumping, which again requi 
large volumes of water, and the grit receives further washing. 


PRE-TREATMENT. 


Pre-treatment of the incoming sewage, prior to settlement, is yet in 
infancy. Provision of space and facilities for it in the way of hydraui 
head, etc., are made by the engineer in the most careful designs, but 
adoption of the plant is slow in coming. Economic advantage is claim 
for pre-aeration in the presence of activated sludge because, ordinarily, t 
bacterial energy of the surplus activated sludge is used in the pre-treatm 
plant instead of being thrown away; the activated sludge brought iri 
intimate contact with the fine suspended matter and the colloidal mai 
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ie unsettled sewage causes a greater proportion of sludge to be settled 
in the sedimentation process; grease tends to rise to the surface 
g to the gentle bubbling of air through the sewage. The resultant 
t+ of all these actions is to diminish the load on the aeration plant, 
ce the power-consumption, increase the “ capacity ” or the availability 
ne plant, and, by decreasing the volume of surplus activated sludge, to 
ease the total volume of sludge to be dealt with at the works. At the 
shill works of the Birmingham Tame and Rea District Drainage 
d, where Mr. H.C. Whitehead is successfully carrying out work on these 
, thé sedimentation is in two stages, pre-aeration plant beimg located 
veen the stages. No smell is created, and a great deal of fine suspended 
colloidal matter is flocculated in the pre-aeration tank of only 
minutes’ capacity, and arrested in the secondary sedimentation 


Utilization of surplus activated sludge in pre-aeration plant will pro- 
ly receive more attention ; it may be expected to attain success because 
advantages it seems to offer of reducing the aggregate volume of sludge 
Auced by the works will not be lightly surrendered. 


SEDIMENTATION. ~ 


Differences exist between American and English practice on the question 
detention period. In America a rational method of computation is 
ployed and the resultant detention period is sufficient to allow the light 
ticles to settle, but in Great Britain engineers are not always content 
top there ; furthermore, it must be remembered that in Great Britain 
ks are designed for 3 times the dry-weather flow ; the sedimentation 
Ik is looked upon as having more than the one function of settlement of 
lige ; it is required to act as a “ buffer ” between the relatively sensitive 
ogical plant and the outfall sewer with its flushes of sewage, storm-water, 
¢rade wastes, all varying in volume and in strength. With the 
\tively small volumes of correspondingly strong sewage in Great Britain 
s constitutes a greater problem than is always realized. 

Although the Royal Commission advised that the capacity of “ con- 
jous-settlement ”’ sedimentation tanks should be from 10 to 15 hours 
the dry-weather flow, the tendency amongst designers is to reduce the 
», but seldom to the small capacity which the theoretical conditions of 
Hlement would dictate. 

Tt is usually found that the maximum and minimum rates of sewage- 
w to the sewage-works coincide with the periods of maximum and 
nimum strength respectively, so that the load on the purification plant 
ring, say, the middle of the day is totally different from the load 
ing the night. If this range of duty is great, the engineer in Great — 
itain may regard it as economic to make some provision for storing 
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_ number of the largest tanks consistent with the sewage-flow helps at o 


circulated in vertical planes by the paddle being fed only from the bottd 


a 


some of the peak-flow of sewage during the day and treating it dum 
the night. Hydraulic head is not always available for this volum 
balancing, and qualitative balancing is sometimes made to suffice. 1 
is achieved by simultaneous discharge of parts of the sewage at ai 
The flexibility of control made desirable by these conditions results! 


points during its passage through a horizontal-flow tank. 
some works in two-stage settlement of sewage. Avoiding the sma 
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with flexibility, but the simultaneous desire to arrest as much raw slut 
at the earliest possible stage of treatment seems to lead to primary ta: nk! 
comparatively small capacity, equipped with mechanical sludg 

appliances for the rapid collection of as much sludge as possible in a fri 
state. By adding secondary tanks to these primary tanks, the total ta. 
capacity is brought up to the desired point and the flexibility of contre 
established. 


ActTIvATED SLUDGE. 


Purification by the activated-sludge process is making rapid progra 
not only for large works, but even for small installations. Not long ai 
a plant to deal with the sewage of a community of 10,000 persons wo 
have been criticized on the grounds that expert attendance was requ 
but not likely to be provided on such small works. To-day, howew 
there is not the same doubt entertained about the vagaries of its behavioi 
The process is practised in several ways which are easily divisible inte y 
main categories: air-blowing, and mechanical. Diffused air blown ini 
the sewage requires.no comment because it varies only in its details s 
applied in different places, but the mechanical methods tried and elt 
adopted or discarded have been numerous, although only two syste’ 
appear to be surviving the tests of time and favour in Great B ‘ite 
One is the Simplex system under which the sewage and activated slud 
are continually thrown by a paddle, at the centre of the water-surfac 0 
pyramidal tank, outwards towards the periphery, the whole volume bei? 


of the tank through a large vertical tube in which the paddle works axias 
at the top. The other is a system under which the sewage and activat 
sludge are circulated by paddles in long parallel channels. This is vari! 
by the form of paddle ; in the Sheffield system the paddles are “ undershi 
waterwheels’’ at the centre of the length of each channel, and in t 
Hartley system the paddles are placed at the end of each channel, rotatix 
at an angle of 45 degrees to the water-surface and so imparting a rot 
tional motion as well as a longitudinal motion to the sewage. . 
It is too early, in the Author's opinion, to say whether all these metho: 
find equal favour, but at the present time it appears that the diffused- 
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od and the Simplex method are more popular than the others for new 


esign of activated-sludge plant is subject to minor change from time to 
| but perhaps the desire which has influenced, or is influencing, design 
His that the load on the plant should be as light as possible. This 
fests itself in two ways; firstly there is the obvious method of 
pnt preliminary settlement, and secondly there is the method of 
ion. Return-sludge up to 50 per cent. of the dry-weather flow may 
ecompanied by the return of purified effluent also ranging up to 50 
ent. of the dry-weather flow, making a total return figure of 100 
ent. 

rtial purification by the activated-sludge process followed by bacterial 
Sis a sound method of increasing the purifying capacity of old works 
e bacterial filters exist, and it is now to be found at a number of places. 
everse sequence has been known experimentally to be better for some 
e wool-scouring wastes of the West Riding of Yorkshire, but evidence 
it has been adopted, or that it is doing what was expected of it, is 


ne. 

"3 belief is generally held that the activated-sludge process is better 
d to the initial flocculation of colloids than the filter, and that the 
is better suited to the oxidization and nitrification stage of the pro- 
hence the happy combination of the two processes. It may be said 
1 hour’s preliminary treatment in an activated-sludge plant. will 
oximately double the capacity of bacterial filters, and will eliminate — 
smell which settled sewage, distributed over bacterial filters, so fre- 
tly causes. In operating this bio-flocculation plant it is essential to 
an ample reserve of activated sludge, and unfortunately it is impossible 
how, during the design stages, just what reserve may be required. It 
ial, therefore, to construct three types of aeration channel in the one 
: the ordinary aeration channel, the re-activation channel, and the 
al-purpose ’ channel. The latter, as its name implies, can be operated 
her the higher level for re-activation, or at the lower level for aeration, 


ding to the dictates of the variation of the character of the sewage 
aghout the year. 


BIoLoGIcAL FILTERS. 


‘here is no great need to mention biological filters in this Paper because 
are established all over the world. It should be emphasized, however, 
their usefulness is increased by the partial-purification methods 
ioned elsewhere, and whether they exist as the only secondary puri- 
ior plant on the sewage-works, or are operated in series with activated- 
e plant, biological filters enjoy such a reputation that engineers will 
imue to build them at many places. Where the smell and the fly 
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ow 
trouble is not a serious nuisance, where the area of land occupied by 


works is not of first importance, when low running-costs are desirabl A 
at the expense of high initial outlay, or where the works are liak a 
receive only second-rate supervision, the biological filter is unrivalled ¢ 
will possibly never be superseded. 
Revival of experimental work on filters has re-awakened interes 
the maximum loading which biological filters can bear, but although use 
and informative discussion has been promoted the subject has not bee 
enough advanced to affect design, although it has gone far enough to pi 
if proof be needed, that the capabilities of the biological filter have not bi 
exhausted. Recent research and experiment on two-stage filtration wy 
alternation of the order of first- and second-stage duty, high-rate filtrat 
and work on enclosed filters, have all tended to focus attention on 


question, and the attendant results may have far-reaching effects. 


SLUDGE-TREATMENT. 


The commonest method of sludge-treatment favoured at the pres 
time is digestion in separate digestion tanks, but collection and utiliza 
of the gas is not universal. Drying and disposal of the digestion pro¢ 
is attracting sufficient attention just now to justify the opinion that 
drying of digested sludge, and removal of it to tip, is not regarded ir 
quarters as ideal or likely to remain, for long, the standard of good practi 


removal of dried sludge from drying-beds probably remains less affe 
mechanization tendencies than any other. For this reason, if for ¢ 
other, changes may be expected. Sludge-drying, as it is commonly p 
tised, may occupy as great, or even greater, an area than the purifi cay 
of the sewage-flow from which the sludge was removed. If that Ww 
unavoidable the position would have to be accepted, but there are, to-«&k 
several alternative methods which merit attention. 
Sentiment, as well as availability of space, plays a part in emphasiz 
the need to reduce the area occupied by sludge-drying beds. The Aw 
has experience of more than one large scheme in the London district whl 
sentiment dictated the wisdom of pumping sludge from the sey 
purification site to another and more remote district for drying. In ot 
words, the public were prepared to live in close proximity to sews 
purification works, but their views on sludge-drying works were ens 
different. Such differentiation is not warranted, but it results i ; 
necessity to find two smaller sites to complete the process of sew 
purification and disposal instead of one larger, and the acquisition of 
even the retention of, large areas devoted to sewage-purification or slw 
disposal, becomes increasingly difficult in developing areas. : 
It is a fact, of course, that digestion is not the only possible treat 
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ludge and that vacuum-filtration, by itself, or followed by incinera- 
| are to-day the two most prominent of modern alternatives. Neither 
yet been adopted on a large scale, but both receive very serious con-— 
ation when new works are being designed, and no doubt the time is 
ng when it will no longer be correct to speak of them as untried in 
¢ Britain. 

f these alternatives to sludge-digestion there is probably only one 
lopment which is not so well known in America ; that is the Porteous 
t, which consists essentially of “‘ cooking” the raw sludge for half an 
at a temperature of about 360° F. in a closed vessel into which steam 
roduced, settling the heated sludge in decanters to separate the liquor, 
pressing the resultant sludge into cakes which readily dry and can be 
ed inthe boiler to produce more than enough steam for the operation of 
lant. The advantages of the plant are: reduction of volume of sludge ; 
y-pressed sludge; good calorific value of the cake ; and small area 
pied by plant. An additional advantage, if all the cake is burnt, is 
the disposal is complete except for a small quantity of ash. Dis- 
ntages are to be looked for in the strength of the decanted liquor 
in the smell. The latter is well controlled, and neither it, nor the 
+ of discharging the decanted liquor to the incoming crude sewage, has 
found to be a defect in the new plant installed by the Author’s firm 
2 residential town of 14,000 population, where the treatment of 
ge is by continuous-flow sedimentation and biological filters. This 

t is, however, in its infancy, and it is too early to state what results 

yeing obtained. = 
\s there are not many Imhoff tanks in England, digestion of sludge has 

. confined, almost exclusively, to experience with separate tanks. 

rest in digestion was gradually increasing, and the benefits to be derived 
1 the treatment were already appreciated, when the commercial possi- 

ies of the methane gas evolved during the process began to be realized. 

ting of the sludge and two-stage digestion followed. 

the fact that a number of digestion plants exist where collection and 
zation of gas are not practised is more than a legacy from the days when 

pommercial value of the methane was not recognized; it is an illustration 
1e design—either of entirely new works or as amendments to old works 

aving to conform to existing administrative conditions. Obviously, it 

4 always policy to complicate small works to such an extent that the 

ng management will be embarrassed, and will therefore lose sympathy 

the plant. Possibly, in such a case, the correct thing would be to have 

mplete change of management, but the designing engineer will not have 

decision in his own hands, and managerial committees may have strong 
ons, good or bad, for making no change. Clearly then, the engineer 
design to suit all the circumstances, and the result has been in many 
Il places that sludge-digestion is adopted, but without gas-collection. 

etimes the tanks are so designed that they can readily be converted at 


~ 


as heated and covered tanks. 

Digestion in its simplest form is so readily practised that, even on 
small works dealing with populations of only some hundreds of people, 
“ digestion tank ”’ may be found consisting of an open lagoon, either 
or without concrete lining, and provided with simple means of drawings 
supernatant water. The cost is trifling and the advantages are, of cout 
improved state of sludge, freedom from smell, and reduced volume co 1 
with the ability of the manager to impound sludge, and so to differentif 
between the rate of sludge-production from his tanks and the rate of di spo 
of it to drying beds or trenches. 

The temptation experienced by the designing engineer in the P 
been to cut down the size of the digestion tanks and so to save mon q 
demonstrate the economy of the treatment. Proprietary firms are 
without responsibility in this respect, and a number of plants may 
pointed to where the designing engineer has been led astray by ress 
obtained at other places where the conditions were not strictly compare 
The penalty paid is two-fold ; the supernatant water is not separated 
as it should be, so that the resultant sludge is too great in volume, and 
drying beds are called upon to do more work than they can mana 
This is aggravated, of course, if surplus activated sludge is dealt with iz 
plant. 7 

It is not suggested that this is a mistake which has been generally n 
in the past, but it has, in the Author's opinion, resulted in a tendeneyt 
reduce tank-sizes, and in all probability there will be a reversal of prac 

No general opinion seems to exist yet on the comparative merits 
stirred or unstirred tanks, or of fixed or floating roofs for gas-collec¢ 
and on the method of heating primary tanks, 


Usr or StupaE-Gas. 


The economic use of sludge-gas is not such a simple matter as it is soz 
times believed to be. To sell the gas overcomes, of course, any éconot 
trouble, but the Author doubts if it has ever been sold in England, althot 
he knows of one case where definite arrangements were made to dos 
Usually, however, one is confronted with the problem of using it on 
sewage-works where there is a demand for power. This sewage-we 
demand is very far from being uniform, but it is nevertheless a perpe 
demand, and provision must be made for a supplemental power 
which would also be'the stand-by power in case of failure of the slu 


Oil seems to be the natural power to turn to when gas-engi 
short of power, and nowadays, when there is an engine on the 
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h can either run as a diesel engine, on oil injected into the cylinders, 
h gas ignited by oil injected into the cylinders in exactly the same way, 
in much smaller quantity, this problem is solved. Another solution 
be found in using town-gas, or producer-gas, both of which have lower 
ific values, but which can, nevertheless, be used without loss of power. 
the size of the works and the demand for power, together with local 
amstances and economics, such as cost of electric power and gas, will, 
burse, decide this question and leave only the problem of how best to 
ismit the power to different parts of the works for use on the many 
es required. Because the fluctuation of power demanded by these 
y and various duties is great, it is sometimes found best on small or 
erate-sized works to generate electric power for all purposes, so that the 
) of maximum to minimum load will be less than if the comparatively 
dy load of, say, air-compressing for aeration plant is first satisfied and 
| electric power generated for only the other power-demands. The 
test fluctuations are to be found in these other demands, and therefore 
engines running to satisfy them only, will not be running as economic- 
as if electric power were generated for the whole load of the works. 

Unimportant as this point may seem, the Author has in mind a case 
re careful consideration of it is expected to eliminate the need for an 
mnal source of power except as a stand-by whereas, at one time, it 
ed impossible to avoid day-to-day supplementing of the power from 


ge-gas. 


Storm-WaTER TANKS. 


As explained earlier in this Paper, the usual practice in Great Britain is 
urify completely all volumes up to 3 times the dry-weather flow, and 
ettle in tanks all volumes between 3 and 6 times the dry-weather flow. 
m-water tanks constructed for this purpose are usually of a minimum 
ncity of 6 hours of the dry-weather flow, as recommended by the Royal 
hmission early this century. Conditions affecting times of concentra- 
and hence maximum rates of run-off have, however, changed, owing 
ly to the more and more common use of concrete and bitumen for 
is and other impermeable surfaces, and partly to the spreading of the 
s occupied by most towns, caused by modern housing, apart altogether 
a natural growth. Some engineers have, therefore, constructed storm- 
er tanks of larger capacity than 6 hours of the dry-weather flow to 
rent too frequent an overflow from the tanks to the river. 

This is closely related to changes in the practice of operating the tanks. 
's ago it was customary, after the storm, to decant the settled storm- 
er to the river, the theory being, of course, that the effluent was similar 
vhat had overflowed from the tank during the peak of the storm dis- 
ge and it was better settled. To-day, however, the tanks are more 
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frequently regarded as balancing or impounding tanks, storing up 
water only until the purification plant is ready to deal with it. 
Such practice is worthy of note because it results in improved 
ment of the rivers, but it is responsible for throwing additional duti 
purification plant. England is a small country and the rivers are 
but the population and development in many parts are intense, 80 | 
river-pollution questions are aggravated unduly. As time elapses - 
necessary more and more to take seriously all the efforts to conserve’ 
purity of the waters, not only of those rivers, but of underground 
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INTRODUCTION. 


ETHOD of analysing the flow in a complicated network of pipes by 
s of a systematic series of approximations appears to have been first 
forward by Professor Hardy Cross, who states the following “ simple 
obvious ” conditions : - 
a) The total flow reaching any junction equals the total flow leaving it 
tinuity of flow), and 

b) The total change in potential [head of water] along any closed 
‘is zero (continuity of potential). 

4 method based on statement (a) is especially applicable when the 
s at points of entrance to, and exit from, the system are known, but 
n also be used when the heads are known at some points and the 
itities at others. . 

Professor Cross’s method for use in such cases is given on pp. 17 to 26 
is Paper?. The general principle is that values for the heads at all 
ions are assumed, and the corresponding quantity flowing in each 
is calculated. (It is assumed that losses at entrance and exit and at 
tions are negligible. Losses at bends can be allowed for by adding 
stimated amount to the measured length of the pipe.) Unless the 
med heads are correct, at some junctions more water is found to be 


S 


orrespondence on this Paper can be accepted until the 15th April, 1940, and 
9¢ published in The Institution J ournal for October 1940.—Suo. Inst. C.E. 
* Analysis of Flow in Networks of Conduits or Conductors.”’ University of 
ia Engineering Experiment Station, Bulletin No. 286, November 1936, p. 7. _ 
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entering than leaving, and at others the reverse is the case. ; The ex 
or deficiency at each junction is distributed between the pipes me« 


but after a number of distributions the out-of-balance quantity is neglig 

Professor Cross’s method is open to the objection that the distribu 
ratios used throughout the solution of a problem are based on the init 
assumed heads. The result is that, even when complete quantity bab 
has been obtained, it is found that the head-drop between two p 
by different routes may be different; in other words, statemen 
is controverted. In the following method, head balance and qua: 
balance are ensured at each step, and the final solution gives consi 
head-drops by all routes. 


MetHop I: Quantity BALANCE. 


It is assumed 1 that the loss of head 4 in a pipe of length / when aq 
Q is passing can be expressed by the formula : 
where « is a constant depending on the diameter and roughness of 
pipe. 
The process is as follows :— 
(1) Reasonable values are assumed for the heads at the v 
junctions. 
(2) The flow under the assumed head differences in all the pipes: 
nected to one junction is computed. (This computation may be 
formula, curve, nomogram, Tables, or any other method.) q 
(3) The excess or deficiency of inflow over outflow (28Q) is calculd 
(4) The value of Q/nh for each pipe is calculated, and the values fox 
junction are totalled without regard to sign. . 
(5) The correction 8h to be added to or subtracted from the assu 
head at the junction is computed from the formula 2: 


jew oun 
Z(Q/nh) 


(6) Each junction is corrected in turn, the correction being 
until the error is negligible. 


Example I. 


Fig. 1 and Table I (facing p. 150) show the analysis of a simp et 
work. It is assumed that water enters at A under a head of 200 ' 


Sita See OE. “EE ST = | 
1 As will be seen later, this assumption is not absolutely essential, since a ny | 
of head—quantity curve can be used; but for the head corrections a value of n mu 


~ assumed, corresponding to the average slope of the curve when plotted with logari 
co-ordinates.—R. J. C. 


* Vide Appendix I, post. 
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eaves at C and F, where the heads are respectively 120 feet and 

eet. The heads at B, D, and E are estimated to be 150 feet, 180 feet, 

40 feet. - 
he first junction to be balanced is B. In column 2 of Table I are listed 

pes meeting at B, beginning with AB, which feeds it, and following with 

nd BE, which draw from it. Columns 3 and 4 give the lengths and 

eters of these pipes. 


Fig. 1. 


iolumn 5 shows the head differences, h feet, according to the initial 
nate, and the values of Q in column 6 were obtained from Fig. 2 
50). In Fig. 2 the curves for 6-inch, 8-inch, and 10-inch pipes only 
iven ; they are drawn from the Hazen-Williams formula : 

| Qiss 
h=1-63x 10 8 lr487 . 


‘corresponds to a value of 100 for C in Chezy’s formula, @ being in 
s per minute and d in feet. 

‘is seen that the outflow from the junction exceeds the inflow by 
allons per minute, and this figure is divided by 27-5, the sum of the 


es of i s 5 for each pipe, which is taken from column 7. The head 
ction is thus 2°3 feet, which must evidently be subtracted from the 
med head, so as to increase the inflow and reduce the outflow. 
the head at B is now taken as 147-7 feet, and this value is used in 
acing the flow at the next junction, E. The correction here is — 2-1 
and the fresh estimate of 137-9 feet is used for balancing the flow at D. 
‘he process is repeated, and it is evident that after the second balance 
ciently close approximation is obtained for all practical purposes. 
der, however, to demonstrate the method fully, two further balances 


been made, and the final result is as accurate as the curves will allow. 


“ae ee 
a - _ i‘ = ‘ BP — . 
an r 
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A few points should be noted : i a 
(1) As explained in footnote (1) (p.148), any head—quantity c1 
be used in order to find Q, and an approximate value of m must be uss 
the relationship is not logarithmic. 


} 


NS 
HS ae 


0-3 


FRICTION HEAD: FEET PER 100 FEET OF PIPE, 


pageeee | 
Mt Ss 


O71 
80 1SO 200 
DISCHARGE: GALLONS PER MINUTE. 


8 


infinite for the pipe connecting them. The proof in Appendix I d 
cover this case, which can be met by omitting this pipe altogethe 

particular balance in which it occurs. The matter will correct itsel/ 
the next balance. © i 


; (2) If the heads at two adjacent junctions are equal, 


,} ; ‘ Es 
i) (3) The value of > is evidently practically sar is 


‘ second balance, and in general it need not be re-calculated. @! 
(4) If an error in calculation is made, it will be eliminated y sul 
quent balances. it bovbtocr od} otvtlegeaical | 
(5) To economize space in the Table, the original estimates of he he 
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Total : 1,290 
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539 


T-85h. 
8 5-4 
0 51 
1 | 183 
T | vase) 
8 
3 0-1 
| 
93 59 
s9 | 18-4 
2 
139 42 
647 93 
378 
G-1 
9 | 24-1 
5:8 
1-7 
31-6 
3 0-1 
249-+138= 


Total: 1,290 


per 


gallons 


minute. 


539 


250 
291 


541 
539 


2 


gallons 
per 
minute. 


539 
249 
289 
538 


3 
i utflow :—BC-+EC : 387 
DF+EF: 258+645= 903 
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» D and E were taken fairly close to the correct answer, but even 
imuch less accurate estimates only one more balance, or at most two, 
be required. 

) A comparatively simple network has been selected as an example, 
the method is evidently applicable to any network, however 
licated. 


e 
EXTENSIONS OF MetHop I. 


n the example it was assumed that the heads at all points of entry and 
were known, but the method can be used if, at some points, the 
tity is known. 

or instance, if at some point G in one of the pipes it is desired to take 
fixed quantity of, say, 200 gallons per minute, all that need be done 


he junction is so balanced that the inflow exceeds the outflow by 
rallons per minute. 

Iternatively, it may be necessary to find what quantity is available 
€ point G for fire purposes. The head required at G is then known, 
the point is simply a point of exit similar to C and F. 

nother possibility is that the discharge at G bears some definite 
onship to the head at that point; this case also can easily be dealt 
by method I. 


ns 


Metnop II: Heap BaLance. 


‘his method is applicable to the case when the quantities at all points 
trance to and exit from the system are known. Although the principle 
1e method is the same as that of Professor Hardy Cross}+?, a brief 
‘iption embodying some improvements in detail is given here. A 
ion on the lines given below has already been published?. 

the process is as follows : 

1) Reasonable and mutually consistent values for the flow in the 
us pipes are assumed. 

2) The corresponding head losses in the pipes forming one closed 
it are computed. 

3) The total gain or loss of head 4 (28h) round the circuit is calculated, 


Loc. cit., pp. 9 to 17. : 

J. J. Dolland, “ Simplified Analysis of Flow in Water Distribution Systems.” 
ering News-Record, vol. 117 (1936), p. 475 (1 October, 1936). 

G. M. Fair, ‘“‘ Analysing Flow in Pipe Networks.” Engineering News-Record, 
20 (1938), p. 342 (3 March, 1938). pans 
The total gain or loss of head round the circuit is, of course, found by adding the 
losses in the individual pipes with due regard to sign. This gives Zh, which is 
to —2 dh, since, for the whole circuit, d(h-+8h)=0.—R. J. C. 


regard this point as an additional junction. A head is assumed there, 
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paying due attention to sign. (If the circuit is correctly balanced 2 
zeTO.) 


(4) The value of 5 is calculated for each pipe, and the values fo 


circuit are totalled without regard to sign. 
(5) In the circuit is set up a counter-balancing flow of amount 1! 
_ 2h 
~ Z(nk/Qy 
and the quantity in each pipe of the circuit is corrected accordingly, 


(6) Each circuit is corrected in turn, and the process is repeated ¥ 
the error is negligible. 


5Q 


Example II. 
The network of example I is again considered (Fig. 3), but itis now g: 
that the quantity entering at A is 1,290 gallons per minute, of whi 


Fig. 3. 


Sitle= boar 
321 |g—g” MS 


gallons per minute leaves at C and 903 gallons per minute at F. 
working is shown in Table II. (The results of example I have been 
to show the agreement between the two methods.) j 

The letters X, Y, and Z have been used to denote the three cire 
and the figures underlined are the flows initially assumed in the pi 
the arrows showing the directions. 


Circuit X is balanced first. The heads corresponding to the clog 
i 


1 Vide Appendix I. 


| 
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med) flows in AB and BE total 75-1 feet, and those corresponding to 
ounter-clockwise flows in AD and DE total 61-4 feet; there is thus 
xcess head (26h) of 13-7 feet. Since 2(1-85h/Q) is equal to 0-473, a 
ter-clockwise flow of 29 gallons per minute must be applied to the 
it. (The arrow drawn (Table II, facing p. 151) on the left from the 
r head figure (61-4) to the higher (75:1) shows automatically the sign 
e correction.) Hence, the flows in AB and BE are decreased by 29 
ns per minute and those in AD and DE are increased by this amount.. 
he corrected flows are used in balancing circuits Y and Z, and after 
further balance all the circuits are correct. It is seen that the flows 
e within | gallon per minute with those of example I. 


“he Paper is accompanied by three sheets of diagrams, from which the 
res in the text have been prepared, and by the following Appendixes. 


APPENDIX I. 
Proor oF CoRRECTION FoRMULAS. 


enoting the assumed head loss in a pipe of length J by / and the corresponding 
by Q, then : 

h=alQ”. 

S the correct values for the head and quantity are h+8h and Q+8Q respectively, 


. 
be 


h-+dh=al(Q-+8Q)", 
=u19( 14-5 


ndQ 
yy Eee 
i ae 
Eimnately, if = is small 1. 
bh mh 
therefore : 300° 


n method I, 8h is the error in the assumed head at a junction. 6Q is not known for 
pipe, but 28Q for all the pipes meeting at the junction is the excess or deficiency 


w at that junction. 

fence the correction is given by : 
x 
8h og 


~ Z(Q/nh) 
n method II, 8Q is the “‘ counterbalancing flow ” necessary to bring the total head 


« 


Even if ~ is not small, the formula gives a useful first approximation to the . 


| 
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lost in a circuit to zero, and Sh is the excess or deficiency of head under the 
flows. 
Zdh 


Hence : 5Q= Senh]Q)’ 


APPENDIX II. 
EQUIVALENT LENGTHS. 


If the main connecting two points is made up of pipes of different diamet 
series, it is necessary to replace it in the calculations by a pipe of constant di 
whose length is such that the head lost is the same as in the original main. Ta 
making the conversion have been published. : 

If head—quantity curves such as are shown in Fig. 2 (p. 150) are used, the 
sion can be carried out as in the following example :— 

Given a main made up of 800 feet of 10-inch-diameter pipe and 500 feet of 6. 
diameter pipe in series, it is required to find the equivalent length of 8-inch-di 
pipe. 

From Fig. 2 it is seen that the head loss with a given flow in an 8-inch- 
pipe is 2-96 times that in a 10-inch-diameter pipe. Similarly, it is 0-247 times tha 


800 , 500 © 
Sahuded ef cee 


: 


6-inch-diameter pipe. The required equivalent length is therefore —— 


equals 2,290 feet. 
A similar but slightly more complicated method can easily be worked out for 
in parallel. 


2-96 0-247" 


1 H. H. Hellins, “‘ The Lay-Out of Small Water Mains”. Pitmans, London (19 
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LATE CORRESPONDENCE 
ON PAPER PUBLISHED IN 
NOVEMBER 1938 JOURNAL 


Paper No. 5131. 


‘he Treatment of Septic-Tank Effluent from a Small Com- 
munity by means of an Enclosed Biological Filter at 
Bloemfontein, South Africa.” t 


By, Hucx Vauenan Daviss, Assoc. M. Inst. C.E. 


he Author, in reply to the Correspondence*, wished to make it 
ndantly clear that the plant described had had to be designed to 
t certain specific requirements dictated by local conditions, notably 
ocality, siting, nature of soil and area available, popular prejudice, 
tary prejudice as expressed in the persons of the officers of the Medical 
s, and, above all, by the economics of the late depression period. It 
essential that the scheme adopted should be low in initial cost, simple in 
ation, require a minimum of attention, have a low annual maintenance- 
, and, most important, produce an effluent of consistent quality to the 
re satisfaction of the Assistant Director of Military Medical Services. 
[he problem of the disposal of the sewerage of the encampment 
d more real difficulties than the actual treatment itself. The only 
‘ble land was small in area with a very even surface and a regular 
ient averaging 1 in 75. The Author did not need to stress the point 
, the plant was located at the highest point of the available irrigable 
ind, and that the fullest advantage was taken of what little natural 
there was. The soil comprised a sandy loam from 1 foot 6 inches 
feet, deep, overlying a stratum of mixed shale and yellow clay, which 
showed to be almost completely impervious to water. With such 
ditions obtaining, coupled with the fact that the whole irrigable area 
munted to only 4-1 acres, the total absorptive capacity was dangerously 
in spite of the fact that the local rainfall averaged only 23 inches per 
um. Broad irrigation and subsoil irrigation were thus obviously 
racticable, and a plant had therefore to be installed to produce an 
hent which would not create nuisance or cause offence if not entirely 
orbed by the irrigated ground. 

The Author endeavoured to show in the Paper that the plant designed 
quately fulfilled all the requirements enumerated above. It was not 
mplicated or involved, nor was it expensive to operate. The total 
al cost was given in detail in Appendix I (p. 63 §), which was clear 
eeded no elaboration. 


: 
- Journal Inst, C.E., vol. 10 (1938-39), p. 55 (November 1938). 
Journal Inst. C.E., vol. 12 (1938-39), p. 273 (October 1939). 


¢ Page numbers so marked refer to the Paper (Footnote (+) above).—Szc, Inst. C.E, 
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week, the work being carried out by a native paid at the rate of 3s. 6d 
day. Once a year the pump underwent a routine overhaul by a meche 
The fan-motor, which ran on ball bearings, only required greasing ' 
routine overhaul by an electrician once a year, who also dealt wi hh 
pump-motor at the same time. The sprinkler arms were cleared of * 
loidal matter every other day by the native, and the entire assent 
overhauled and greased once a year. While attending to the spr nh 
the native also saw that the pump and fan were operating satisfactoril] 

The plant did not comprise sludge and humus beds or sedimentas 
tanks requiring constant skilled attention, and there was no quest io 
one man being daily employed to operate it. The only labour-chas 
incurred for routine maintenance and attention were the wages of 
native, who spent on an average 3 hours per week at the plant ; 1 
represented a charge against maintenance of 1s. 33d. per week. Rot ] 
inspection of the plant was carried out weekly by a European foren# 
That inspection lasted on an average 4 hour per week, and represeri 
a further weekly charge of 1s. 9d. against maintenance. That methoe 
routine maintenance and inspection had proved satisfactory over a pei 
up to the time of writing, of 4} years, and the plant had suffered no negy 
whatsoever. ; 

In any works the efficient maintenance of plant was purely a ques 
of organization of available staff. Neglect was the entire responsib 
of the person or persons in authority, and could not be excused or mitis 8 
on the grounds of the size of the undertaking. 7 

It was not wholly clear on what grounds the design of tank deser 


by Mr. Jasper was recommended in preference to that of the Aut 


No indication of the cost of construction was given, nor were any deti 
furnished for the 4 hours’ oxygen-absorption figure of the effluent, and | 
efficiency of such a design was therefore largely a matter of conjecti 
There was thus no basis for a comparison between the two tanks, an 
would appear that Mr. Jasper’s design was advocated mainly on the 8c 
of convenience of operation. 

The design of septic tank described by the Author had been devel | 
from experience as being best suited to local conditions. The se: 
timber in the tank itself where it might come into contact with the ey 
liquor had been sedulously avoided on account of its impermanence, ne¢ 
sitating frequent replacements, high local cost, and unreliability in v 
The fact that timber was not impervious to water, and, where kept ¢ 
stantly submerged in the septic tank’s contents, would absorb moist 
with consequent swelling, twisting, and warping, besides itself becomt 
foul in the extreme, was a most objectionable feature and militated furt' 
against its use in a septic tank. In addition to the above objecti« 
to the use of timber, a wooden top to the tank, which was essential | 
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‘and easy removal and replacement of the perforated timber screens 

he wooden dispersing and scum-boards advocated by Mr. Jasper, was 

impracticable under local conditions, owing to the ravages of insects — 
(0 the impossibility of preventing the ingress of storm- and surface- 

through such a covering. The Author’s tank, however, was a 

ight structure positively excluding all extraneous water, and, 

over, was of absolute permanence, requiring no replacements or 

enance. 

Ithough Mr. Jasper recommended a capacity for his tank of 18 hours’ 

that figure, in the Author’s experience, gave most unsatisfactory 

ts, and, particularly in view of the fact that Mr. Jasper’s figure was 

ently based on maximum retention period, and made no allowance 

eduction in capacity and retention period owing to sludge and scum 

mulation, the Author could not agree that a tank of such design was 

ble of producing the best results. With regard to the question of 
idging the tank, in the Author’s experience septic-tank sludge would 

move unassisted on a surface having a slope flatter than 1 in 1}. 

‘meant that, although Mr. Jasper’s tank was de-sludged by hydraulic 

, utilizing the liquid in the tank for that purpose, all the sludge in the 

had to be worked into the hopper formed in the floor of the first 

aber, by means of squeegees. It had also to be pointed out that that 

10d of de-sludging could not deal with the objectionable and foul 
) which formed on the surface of the liquid in the tank. 

the work of squeezing the sludge into the hopper, and also the labour 
ved in handling it on the inferred sludge-beds, represented a distinct” 
mot inconsiderable charge against maintenance in the plant advocated 
ir. Jasper. It would be of interest to compare the cost of that method 
-sludging with that of the method described by the Author. Where 
ve labour was plentiful and cheap, as locally, the fact that the first 
nber of the tank had to be de-sludged manually was really of very 
» importance from the point of view of the objectionableness of the 

od, and of supreme importance from that of economy. Hight 
s under the supervision of a “‘ boss boy ” de-sludged that chamber 
in 1 day at a cost of £1 12s. 6d. It should be made clear, however, 
hat sludge and scum were of such consistency that it could not be 
ed by any other means. The second and third chambers were 
sd clean in 4 hours at a cost of 10s. Od., using a portable 2-inch 
ugal pump. The total annual cost of de-sludging, therefore, only 

unted to £2 2s. 6d. If that charge were capitalized over a period 
years, the resulting figure was £42 10s. Od. It was debatable whether 
ic tank of 10,000 gallons capacity, but having the sloping floor, 
bottomed first chamber, permanent sludge draw-off pipe, and 
-delivery pipe laid on to sludge-beds or trenches as advocated by 
asper, could be constructed at a cost of only £42 10s. Od. in excess — 
figure necessary for a tank to the Author’s design. In addition, 2 


that his design should be slavishly followed in detail, but he did mai 
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supposing that that were feasible, the interest and redemption to \ 
annually on the excess would exceed the figure given above for native rf 
for de-sludging the first chamber. It was further reasonable to ASS 
that the labour on the squeegees would exceed in cost the figure of 103) 
per annum for de-sludging chambers Nos. 2 and 3 of the Auti 
tank. 

Further, in the latter design the plant operated continuously de 
the de-sludging process, there being no necessity to hold back or inte2 
with the normal sewage-flow in any way except to by-pass it to disch 
into the second chamber. That permitted a close and detailed’ inspe 
to be made of each chamber after de-sludging, and also ensured thor 
and complete discharging and scumming of each separate chambel 
well as an opportunity to clean and flush out the effluent-sump, feati 
which did not apply to Mr. Jasper’s design of tank, the advantages of W 
were not wholly apparent. | 

From the information given in the second paragraph of the rg 
(p. 155, ante), the Author thought that it should be clear that there } 
no possibility whatsoever of employing an automatic dosing siphon 
operate the filter, the effluent from which would then gravitate to) 
irrigable ground. In order to deliver the filter effluent at such an ele 2 
that all the available land could be irrigated, pumping had to be emplo: 
there being no alternative. 

In the Author’s opinion, the feature of outstanding importance in 
plant described was the performance of the biological filter under conditi 
for which it was not designed. The filter had been evolved to dea Ly 
the settled effluent of a sweet sewerage, the plant for which it had] 
conceived to comprise the usual sedimentation tanks and separate slu 
digestors. Instead of operating under the designed conditions, it was 


With reference to the treatment and disposal of rain or storm-was 
that was rigidly excluded from all drains or sewers under the provi 
of the local Drainage By-Laws, and therefore that problem did not a 
in connexion with the plant described. 

In conclusion, the Author had endeavoured to give a comprehensive 
useful description, together with essential data and unbiased findings, 
plant designed to meet a definite set of circumstances, and which had bl 
found to be both practical and efficient in operation. He did not sugg 
inti 
that the broad principle was capable of infinite adaption without in: 
way interfering with the distinctive features of the enclosed biological fi 
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LATE CORRESPONDENCE 
ON PAPER PUBLISHED IN 
DECEMBER 1938 JOURNAL. 


Paper No. 5167. 
e Principles of River-Training for Railway Bridges, and their 


pplication to the Case of the Hardinge Bridge over the 
Lower Ganges at Sara.” T 


By Sir Ropert Ricnarp GALgs, F.C.H., M. Inst. C.E. 


he Author, in further reply to the Correspondence *, observed that, 
ng read more at leisure the communication of Mr. W. L. C. Trench, 
ore than ever regretted his inability to reply to it in time for publica- 
in the October issue of the Journal. 

‘he Author had written a treatise on bridging a river, and in saying, 
r the heading of “ Cut-ofis”’, that the ratio of bend to chord “‘ would 
according to the characteristics of the river at the site of the bridge ’’, 


ant ratio in any particular river ’’, but a fairly constant ratio at each 
on of the river in which a bridge might be required. Mr. Trench 
instanced, in connexion with the Indus in lower Sind, two cases in 
th horseshoe curves were found. From the first case the Author would 
-¢hat the country in lower Sind was much older geologically than the 
vial plains of Bengal. The second of those cases had been defined as 
here the level of the ground at the neck was high, so that little water 
ed over the neck, even in flood times.” If the interior sandbank 
: of modern formation that case probably would have arisen from a 
ction in the flood-discharge and in the high-flood level. The Author 
not pretend to any knowledge of irrigation problems, but it was 
rally believed that a barrage at Sukkur came under consideration as a 
It of some failure of the inundation canals in Sind, which was attributed 
he large amount of water drawn off by the Punjab canals, and that the 
struction of the barrage still further reduced the high-flood levels 
veen, the barrage and the sea. However that might be, it appeared 
; the behaviour of the Indus in lower Sind bore a striking resemblance 
hat attributed in the Paper to a “ dying” river. 

a + Journal Inst. C.E., vol. 10 (1938-39) p. 136 (December 1938). 

* Journal Inst. C.E., vol. 12 (1938-39), p. 279 (October 1939). 


ad hoped to convey the idea that he expected to find not “a fairly 
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_ with a succession of waves passing down the river the condition, wh: 


by Mr. Trench’s statement that the “ phenomenon . . . was particu 
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It had not occurred to the Author that his statement that “a riv 
high flood would always take as straight a course as possible ”’, eq 
the explanation that, for that to be true, it would be necessary for thee 
flood to submerge the interior sandbank, but he would like to t 
Mr. Trench all the same for pointing it out, and for repeating in 
words the Author’s warning about the probability of variation in 
in different sections of the same river. ‘ 

The Author would also like to thank Mr. Trench for his remarks on 
movement down country of the serpentine course of a river. The » 
in which that movement might be broken up by a natural feat 
pp. 168 § and 169 §) was very well illustrated by the part taken by H 
in checking the onward movement and in bringing the Ganges out ¢ 
Sonaikundi bight by the succession of cut-offs, lately completed. On 
recurrence of that sequence the curvature had to start afresh from R3 
and as it had been controlled by the resistant clay at Sara, it wasi 
surprising that Mr. Trench had found the river to be completely s 
between 1855 and 1875. It was that stability which had since been 
by the dismantling of the Sara protection-bank. 

On the subject of the breach Mr. Trench stated that the A 
“produced . . . the theory that the collapse was caused by a breas 
.’ That idea appeared to have arisen from yet another 
understanding on the part of Mr. Trench. The words of the Author 
to be found on p. 152 §, and the description of the formation of the wi 
on p. 222§. On p. 152 § he had suggested “ that the failure was due t 


bank without breaking, and to prevent the damage which would be 
by the lowering of the water level at the back of the wave, it had I 
found necessary to revet the slope of the cuttings with dry cut | 
walling, so that the thinness of the joints might prevent the dray 
out of the sand. On p. 222 § he had described the conditions which Ie 
the formation of those surge-waves, which he had since recognized 
the origin of river-breathing. Mr. Trench apparently had not con nee 
described as “ the rhythmic alteration in the level of the river in th : 
of breathing’, but had regarded the breathing as an unexplained 

phenomenon. The Author’s identification of the surge-waves, produ 
as described, as the origin of breathing was strengthened and confir 


marked when the river was rising”, seeing that it was the rise in the; 


§ Page numbers so marked refer to the Paper or Discussion (Footnote ( a | 
Suo. Inst. C.E. Pe (Footnote (+), p. 15 
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‘produced the waves in that instance. No basis had been disclosed 
ich any comparison could be made between Mr. Trench’s experience 
ve-action on pitching near Hyderabad (Sind) and the experience at-— 
ardinge bridge, and the conclusion remained unshaken that the 
xposure which led to the breach was caused by river disturbances 
d about water-level, that being the only part of the guide-bank 
ing which had been exposed to extraordinary conditions at the time 
breach. In “ producing ”’ the foregoing theory the Author certainly 
ad no wish to discredit the late Mr. B. L. Harvey’s attribution of 
each to a core-exposure, brought about by fast-flow and fast-moving 
s which had proved sufficient in many previous cases of core-exposure ; 
d desired merely to draw attention to the one unusual and extra- 
ary form of surface disturbance which attended the origination of 
reach. 

he convergence of guide-banks upstream had been dealt with in 
axion with the Author’s remarks on Colonel Macrae’s communication. 
e revised diagrams, Figs. 26 (a) and (6), (p. 315 §§), the maximum 
issible obliquity of current at the piers had been shown for the first 
- The importance of reducing as much as possible the obliquity of 
nt at piers, in the case of piers founded in sand, had been impressed 
ridge engineers by numerous cases of failure of piers in bridges, which 
been built before the introduction of guide-banks by Bell about 50 
ago. Bell had reduced the obliquity by shortening the bridge and 
ducing converging guide-banks, and from that time failure of piers 
0 scour, caused by obliquity of current, had been confined to cases” 
e excessive obliquity was due to a breach in the guide-bank. igs. 
) and (b) afforded conclusive proof of the desirability of converging 
s-banks for railway bridges. Conversance with the principle would 
le the novice to avoid very serious errors at otherwise suitable sites 
e it was not practicable to make use of converging guide-banks. 
e Hardinge bridge it was not possible to construct a pair of converging 
banks in the first instance. Guide-banks at right angles to the 
e-line of the bridge, however, were made possible by dropping through 
x a part of the apron of the left guide-bank. The Sara protection- 
< at 3 miles above the bridge was about 200 feet forward of the left 
e-bank straight, and that was taken to be a defect by certain engineers 
were ignorant of the general principle of convergence and also ignorant 
; value in that particular case, in protecting the bridge-approach. 
splay in the Damukdia guide-bank was conditioned by the existence 
aita (Fig. 16, Plate 2, facing p. 224 §). The training works as they 
ed and as proposed had been shown on Plate 2 (facing p. 224 8). 


Toid. 
; Page numbers so marked refer to the Correspondence on the Paper (Journal 
C.E,, vol. 12 (1938-39)), p. 279 (October 1939).—Szc. Inst. C.E, 
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_was elected chairman for the first meeting. The course of events 
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In Fig. 14. were shown the skeleton training works as they existe 
1933 ; in Fig. 15 the arrangement proposed by the Committee with 
Damukdia guide-bank and the Sara protection-bank dismantled | 
abandoned, and their places taken by the retired approach-line with} 
and sluices ; and in Fig. 16 the skeleton works filled in as proposed b; 
Author. ; { 
In criticism of the Author’s views and proposals, Mr. Trench iii 
communication had mentioned several things which he had not been 
to understand, commencing : “ It was not clear how a contracted thi 
could now be applied to that [Hardinge bridge] site. . . .”’ The Av 
was not aware that a contracted throat had been proposed for thatt 
The contracted throat was a secondary effect of converging guide-ba 
of which the primary object, with guide-banks of normal length, was 
tion of obliquity of current at piers. The reduction in obliquity, 
slightly splayed guide-banks, could be obtained by considerably inc "ee 
their length, and in cases such as the Hardinge bridge, where the le: 
was required to protect the approach-line, the throating could be dis 
with. ; 
In the three paragraphs of his communication following the. 

quotation Mr. Trench had made three or four very confident assert 
that the Author had been incorrect in his statements. The Author: 
no other course than to refute those assertions, in as few words as poss 
The Author had observed the fallacy of the “red line”, in produ 
protuberances, shortly before the Discussion was to take place, and ¢ 
thing he had said about it had therefore to be contained in the in 
duction to the Discussion. The Author had read that introduct 
several times but could not find that he had said, as alleged by Mr. Tree 
that the Committee had called the area beyond the red line a protuberag 
He had said that no one on the Committee had noticed that wherd 
the red line was drawn, it gave the part beyond it the appearance 
protuberance. Mr. Trench therefore had no grounds for his em phil 
contradiction. Nevertheless, let it be assumed that-the Author had m1 
the statement attributed to him. Mr. Trench stated that the Comn ii 
did not call “the area which projected beyond that [the red] line a 
tuberance ” and did not blame the protuberance for the untoward hapy 
ings at the right guide-bank, and he referred the Author to the Report 
confirmation, An examination of the Report disclosed that it was 
Trench himself who had been incorrect. It appeared from the Report 
the first meeting of the Committee was held in Paksey, from the 27¢li 
the 30th August, 1934. At that meeting, of the six members nomina‘ 
there were present four, Mr. Trench, Mr. Robey, Colonel Woodhe 
and Mr. Curry. In the absence of the official chairman Mr. Tres 
be followed in the minutes of the first meeting (p. 26, Part I of the Repo 
In the forenoon of the 27th August, the clay model of the river from Ré 
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nppur was inspected. The first part of the morning of the 28th 
st was spent in inspecting the protection-bank at Sara, and 


(i) “ On return to Paksey, some hours were spent in the model-house again, 
amining details of the curvature of the river bank above Sara and the protu- 
rance at Sara, which appears to deflect the force of the river towards the river 
nk at Damukdia guide-bank.”’ 

(ii) “‘ The idea of removing the protuberance at Sara was visualized by placing 
ctions of curves of different radii set back in various alignments. . . .”’ 

**Mr. Trench said that it appeared as if a combination of a straight and a 
degree curve sited on a line 1,500 feet east of Sara point and passing through 
e middle of the bridge was a favourable alignment.”’ 


. Trench himself would probably find it difficult to say whether 
Hea of a gigantic splayed guide-bank, represented later by the red 
f the plan, had occurred to him either at the first visit to the clay 
1, at the first visit to the Sara protection-bank, or at the second visit 
e clay model. However that might be, it had been at that first 
ng of the Committee, to the best of the Author's belief, that the 
protuberance ”’ had been applied to the whole or any part of the 
ut off by the red line. At the third and final meeting of the Com- 
e, consisting of eight members, the term ‘“ protuberance’ was also 
stood by those members who had not been present at the first meeting 
ean the whole area beyond the red or similar line, and directions 
given to investigate the best method of removing the whole area. 
‘regard to Mr. Trench’s denial that the Committee had blamed the 
tuberance ” for the happenings at the right guide-bank, the following ~ 
et from the proceedings of the third and final meeting would refute 
atement : 


2 “The Committee note that the Model Experiments confirm its opinion 
ind establish that the development of the Sara protuberance was the fundamental 
ause of the aggravated attack on the Right guide-bank at the bridge. . . .” 


s any further pursuit of those contradictions and misconceptions 
d serve no useful purpose, the Author would content himself with a 
ation from the Observations of the Committee on Sir Robert Gales’s 
‘dated 31st July, 1935. The Observations were not dated, but 
were bound to have been written about the time of the third and 
meeting of the Committee on the 1st November, 1935, and would 
describe the conditions after the floods of 1935. 


“Contour plan of Sara protection bank, The Committee record that the 
ontours of the river at the Sara (protection) bank, as they are at present, have 
ecently been plotted and show a smooth curved channel and almost a complete 
isappearance of the old submerged head.” 


penning that very handsome acknowledgement of the result of the 


or’s efforts, the Committee, but for one thing, would no doubt hav 
5 Z 


164 CORRESPONDENCE ON THE PRINCIPLES OF RIVER-TRAINING, 


been satisfied that there was nothing in the existence of the Sara protec 
bank to cause anxiety for the next 50 years, during which time the 
favourable opportunity would have been taken to close the gap bet 
the right and Damukdia guide-banks, and thus remove all anxiet 
perpetuity. The one thing which had prevented that reasonable : 
summation had been the transference of the idea of a protuberance : 
the ‘old submerged head ” to the whole area, between the protec 
bank and the red line, by the mere act of drawing the red line on they 
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OBITUARY. 


HOMAS HENRY BAILEY, son of Samuel Bailey, was born at 

sall on the 24th April, 1857, and died at Beckenham on the 22nd July, 

). He was educated at Clifton College, Bristol, and later at King’s 

ege, London. In accordance with the tradition of his family, which 

been connected with the mining industry for several generations, he 

me a pupil under his father in 1876. After gaining experience at 

y South Staffordshire and Cannock Chase collieries, he became a 

ner in the firm (8. & J. Bailey) in 1879. In 1882, still as a member of , 
firm, he undertook the managership of Hill’s Plymouth works and 

eries at Merthyr Tydfil. Here he remodelled the collieries and rail- 

s and developed the underground workings. He was the first to intro-. 
s electric power for underground haulage, and was the inventor of an 
matic decking apparatus. In 1897 he was entrusted with the task of 
vering the Huntington pits, near Cannock, which had been abandoned 
ag to the non-sealing of water in both shafts. 

He was particularly interested in Sandwell Park colliery, and in the 
elopment of the Kent coalfield. He had given evidence before numerous 
ymissions and departmental committees, including the Sankey Com- 
sion (on behalf of the Mineral Owners’ Joint Committee), the Samuel 
hmission (on behalf of the pioneer companies), and the Spontaneous. 
abustion in Mines Committee. 

He was elected a Member of The Institution in 1896, and served on the 
neil from 1926 until his death. He was a Fellow of the Chartered Sur- 
ors’ Institution and of the Geological Society of London. He was also a 
mber of the Institution of Mining Engineers, and of other professional 
eties. 

He married Grace Sinclair, daughter of Thomas Bodington, in 1883. 
sre were two sons and three daughters. 


ENGINEER VICE-ADMIRAL SIR HENRY JOHN ORAM, K.C.B., 
2.8., was born on the 19th June, 1858, and died on the 5th May, 1939, at 
nleigh, Surrey. After a general education at private schools in Plymouth, 
entered Devonport Dockyard as an engineer student. On completion 
6 years’ studentship under John Trickett, the Chief Engineer of Devon- 


. seded to the Royal Naval College, Greenwich, for 3 years. 


+ Dockyard, he entered the Navy as an assistant engineerin 1879 and ___- i 
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{ In 1882, Sir Henry was appointed to the Indian troopship Croce 

| in which the Admiralty were experimenting with different types of b 

tubes. He was responsible for the design of the ferrules variously knoy 

“ Admiralty,” “ Cap,” or ‘‘ Chatham ” ferrules, which were very suc( 
ful and reflected much credit on Admiral Oram’s ingenuity. ; 

f In May, 1884, he was appointed to the staff of Sir James Wright an 

\ Admiralty and spent the remainder of his career at Whitehall. Promr 
to Engineer in September 1884, he passed through the grades of « 

: . engineer, staff engineer, fleet engineer, and inspector of machinery, ana 

¥ the introduction of the new titles in 1903 he was made an Engineer R 

! Admiral. Later in 1903, Sir Henry was made deputy to Sir John Duns: 

who was then the Engineer-in-Chief, and succeeded him in 1907, hold 

the position of Engineer-in-Chief of the Fleet until 1917. Under 

direction was created the post-dreadnought fleet which achieved sud 

high standard of engine-room efficiency during the war of 1914-18, 

Among Sir Henry’s better known works is his revision and exten siod 

Richard Sennett’s famous textbook “The Marine Steam Engine.” 

conjunction with Sir John Dunston in 1899 he presented to The Institut 

a, Paper on “ Recent Trials of the Machinery of Warships,” 1 for whieh 

received a Watt Medal and a Telford Premium. He was elected Presic 

of the Junior Institution of Engineers in 1909, Hon. Vice-President of} 

Institution of Naval Architects in 191 1, and President of the Insti r 

Metals in 1914. He read numerous Papers before these and other té 

nical institutions and societies. He was elected a Fellow of the Rd 

Society in 1912. | 

7 Sir Henry was created C.B. in 1906 and was advanced to K.C.B. in 1¢ 

He also received the American Distinguished Service Medal. He - 

elected a Member of The Institution in 1897 and served on the 

from 1915 to 1922. 1 
In 1881 Admiral Oram married Emily Kate Bardens, of Plymou 

by whom he had two sons and two daughters. | 


911) 


? Minutes of Proceedings Inst. C.E., vol. oxxxvii (1898-99, Part III), p. 20: | 
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\BSTRACTS OF THE CURRENT TECHNICAL 
_ LITERATURE OF ENGINEERING AND 
APPLIED SCIENCE. 


DECEMBER, 1939. 


ENGINEERING CONSTRUCTION. 


n Improved Method for Adjusting Level and Traverse Surveys. 
DRRIS and J. L. SpeERT (*Proc. Amer. Soc. Civ. Hngrs., 65, 1367-1385 ; 
1939).—The method described was developed in the Section of Com- 
g of the U.S. Geological Survey. The results are stated to be identical 
those obtained by least squares, whilst the labour entailed is con- 
ably less than is required for the usual least-squares method. Detailed 
actions are given for the adjustment. The theory of the method is 
issed in one Appendix, and a simple method of solving the adjustment 
tions is described in a second Appendix. 


[armonic Analysis of the Pressure Fluctuations in a Fluid. M. F. 
oR (*Engineering, 148, 321-322; 22 Sept. 1939)—The Author dis- 
s the application of the damped resonance effect of an oscillator to the 
‘mination of the frequency and amplitude of the harmonics resulting _ 
oscillations in fluid pressure. The natural frequency of the oscillator 
ried and the amplitudes become large at several frequencies, thereby 
ating the frequencies and amplitudes of the more important secondary 
onics. The data obtained are applied to a Fourier-type series. 
Author states that the method is particularly valuable for use on 
nal-combustion engines where there is not room to accommodate an 
ao 

"lood-Prevention in the London Tube Railways. (*Engincering, 148, 
421; 13 Oct. 1939; *Rly. Gazette, 71, 484-487 ; 13 Oct. 1939.)— 
F descriptions are given of the work, costing about £1,000,000, of safe- 
ding the tube railways in case of air-raids. The main works consist 
1 provision of sliding doors to isolate the under-river portions of the 
yays, protecting the tunnels from any possible risk of flooding, either 
the Thames or from sewers or water-mains in close proximity to the 


ons. 


orus.—An asterisk prefixed to a reference, thus * Proc. Amer. Soc. Civ. Engrs., 

3s that the article is illustrated. : an 
e abbreviated titles of periodicals are those used in the “ World List of Scientific 

dicals.”” (Oxford, 1934.) i ea : a 


_R. J. Cornisn (*Phil. Mag., 28, 481-487 ; Oct. 1939).—The Author deve 


between the members, and the last three involve knee-braced 
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General Wedge Theory of Earth-Pressure. K. TERzacui | 
Amer. Soc. Civ. Engrs., 65, 1327-1339 ; Oct. 1939)—The Author enuna 
the general principles of the theory, and presents an analysis of the « 
ditions which are likely to influence the intensity and the distributid 
the active earth-pressure. He considers the cases of walls tilting ar 
their inner lower edge, the timbering of excavations in sand, field meaz 
ments of earth-pressure, the pressure exerted on flexible bulkheads 
the pressure of cohesive earth. 


The Fundamentals of Pile Foundations. I. F. Morrison (*2) 
J., 22, 431-434 ; Oct. 1939)—The Author classifies piles in three - 
classes, namely, (a) friction or floating piles; (6) bearing piles; @ 
solidation piles. He discusses their purpose and the reciprocal a 
between the ground, the piles, and the structure supported by them. 
statement of the fundamental principles is based upon the princip 
mechanics, coupled with observation of the behaviour of soils. 


New Balloon-Roof Petrol-Storage Tanks. D. F. BALDwrn (*Conm 
wealth Engr., 27, 9-11; 1 Aug. 1939).—Two tanks equipped with| 
Wiggins balloon roof—developed in the United States—have been in Si 
by the Commonwealth Oil Refineries, Ltd., of Melbourne. he 
consists of a diaphragm of 3%-inch steel plate, and of a diameter 12) 
greater than that of the tank. When in the “down”? position it 
with a concave profile on the rafters of the roof framework. Y¥ 
vapour-pressure develops in the tank the roof sheeting moves upwe 
and in the extreme position has a convex profile. The buckling 
plate under these conditions is controlled by a series of concrete wei! 
located along spiral lines, together with spiral and circular control a 
The additional vapour-space thus provided for a tank 60 feet in diam 
exceeds 10,000 cubic feet. 


The Magnitude of the Direct Stress in a Beam of Fixed §3 


general expressions for the direct stress in four representative cases, 
deduces probable maximum values of the stress for steel and reinfor: 
concrete beams. He demonstrates that with such beams, as at pred 


designed, the direct stresses are small in comparison with the stre 
due to bending. 


Settlement Stresses in Continuous Frames. G. E. Larcr (#2) 
Ohio State Univ. Engng. Expt. Stn. No. 102, 47 pp.; Sept. 1939). 
Hardy Cross, or moment-distribution, method is used to obtain solut’ 
for six structural problems involving settlement of supports. The : 
three problems embrace continuous structures having shallow conne 


Problems Nos. 1 and 5 are cases of settlement of external supports (fo 
whilst the other four problems concern cases of settlement of 
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8 of support (that is, connexions and joints where members meet). 
Bulletin is confined principally to cases of vertical displacement of 
ints of continuous structures, whether internal or external. a 


ing of Pre-cast Concrete Joists by Electric Heating. H. K. Burcu 
yng. News-Rec., 123, 273 ; 31 Aug. 1939).—A considerable increase in 
mcy in the moulding of pre-cast concrete joists has been effected at 
0, Ohio, by curing by electrical heating. Experiments showed that 
vatts would bring a 20-foot joist to a temperature of 160° F. in 2 

Pouring I-shaped concrete joists side by side leaves an opening 
the webs, into which a coil of lead-sheathed cable is inserted, care 
taken to avoid contact with the metal moulds. As airis the medium 
at-transfer, even distribution is ensured. The energy-consumption 
but 1-6 kilowatt-hour per 20-foot joist. 


igh-Yield-Point Steel as Tension Reinforcement in Beams. B. 
ston and K. C. Cox (*J. Amer. Concrete Inst., 11, 65-80 ; Sept. 1939).— 
Authors describe tests made on thirty-two rectangular concrete beams 
brced with four different types of high-tensile steel. The beams were 
shes in effective depth, 12 inches wide, and were supported 9 feet 
‘centre to centre. The results indicate that when a concrete beam is 
srced against diagonal tension the strength is determined by the 
yield-strength of the steel (steel-area multiplied by yield-point 
), and not by the type of steel. 


he Unit Hydrograph Principle applied to Small Watersheds. — 
“Braver (*J. Amer. Soc. Civ. Engrs., 65, 1191-1215 ; Sept. 1939).— 
Author demonstrates that the principle, presented by Mr. L. K. Sher- 
mn 1932 (Enene. Anstracts, 52, No. 268; July 1932) may be applied 
all watersheds, and that the distribution-graphs and pluviagraphs 
yaluable aids in the analysis of surface run-off. He also considers 
the unit hydrograph method is a practical device for the prediction of 
flows. His study is based upon rainfall and discharge records col- 
1 continuously over periods ranging from 2 to 3 years on twenty-two 
sheds in the Appalachian mountains. 


he Warrington River-Filtration Plant. (*Contr. Rec. Mun. Engng., 
73-976 ; 11 Oct. 1939.)—The river Mersey, which drains a densely- 
ated area, is heavily polluted by sewage effluents and industrial 
is. The works described provide Warrington with a separate filtered 
-supply for trade purposes, thus conserving the domestic supply. 
reatment comprises lime-dosing, settlement and re-carbonation, and 
tion through sand and gravel. The charge for supply is 14d. per 
gallons. 


ipe-Lines for Hydro-Electric Works. J.D. Watson (*Hlect. Times, 
27-330 ; 371-373 ; 14 and 28 Sept. 1939).—The factors influencing _ 


z 
>" 
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] 
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_ and gives a single curve for the correction of the errors introduce 


_ and this agrees so well with the calculated results that the Authors cor £ 
that the treatment described gives a very close approximation te 
actual conditions in the injection system. q 
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the design are discussed, including the length of pipe-sections, stra 
and wall-thickness, surge and water-hammer, and vacuum conditi 
Typical pipe-joints, both riveted and welded, are illustrated, and pra 
in regard to anchorages and supports is reviewed. 


MECHANICAL ENGINEERING. 


The Application of Hydrogen-Ion Concentration to Boiler-V\ 
Treatment. G. W. Bonn (*J. Chem. Metall. Min. Soc. S. Afr., 40, 8 & 
Aug. 1939)—The Author discusses the pH control of feed-water by : 
matic pH-recording and chemical-dosage apparatus. He describes 
colorimetric and the electrometic methods of determining the pH-y 
the pH-value of the liquid exceeds 10. He points out the great import 
of controlling the pH-value of boiler feed-water, in order to preventt 
rosion in boilers and accessories, and finally refers to the methods of cout 
acting the effects of the two acids involved, namely, carbonic acid] 
hydrochloric acid (from magnesium chloride). 7 


Cracks in Boilers, with Special Reference to Caustic Embrittlem 
W. 0. Anprews (*J. S. Afr. Instn. Engrs., 38, 58-73 ; Oct. 1939) 
Author describes, in considerable detail, the investigations made inte 
cause of a serious boiler explosion which occurred at the Brakpan cd 
station in 1927, as the result of which the explosion was attribuge 
rupture of the longitudinal seam of the steam-drum, which had 
weakened by caustic embrittlement. He presents typical results 02 
examination of other boilers in the power-station, and discusses the ges 
theory of embrittlement. Cases of cracking in the boilers of the Rk 
ville power-station are described, and also a more recent case of crac 
in water-wall tubes. The Author considers that these three lift 
kinds of cracks may be regarded as manifestations of the same ac 
which is a combination of corrosion and stress, neither of which, be 
alone, would result in failure. 


Pressure-Calculations for Oil-Engine Fuel-Injection Systems. 
GIFFEN and A. W. Rowse (*J. & Proc. Instn. Mech. Engrs., 141, 519. 
Oct. 1939)—A method of calculation is described, which, besides te 
account of the transmission of pressure-impulses from one end of th | 
to the other, includes the modifying conditions present in an actual sys 
namely, the capacity effects at the pump and at the nozzle, the actic 
the pump delivery-valve, and the conditions existing in the spring-l 08 
injection valve. An experimental diagram of nozzle-pressure is reprodu: 
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ecent Developments in High-Speed Oil-Engines. S. J. Davirs 
& Proc. Instn. Mech. Engrs., 141, 535-547 ; Oct. 1939).—The develop- 
§ since 1932 are reviewed under the following headings :—combustion- ~ 
ber design; injection systems; and fuels. The Author also dis- 
s electrical indicators, the determination of impact loading on running 
during combustion, two-stroke working, and supercharging. 


he Efficient Burning of Fuel in High-Speed Oil-Engines, with 
ular Reference to a Clean Exhaust. A. T. Witrorp (*J. Inst. 
eum, 25, 649-656 ; Oct. 1939)—The measures taken by the London 
mger Transport Board to ensure efficient combustion of the fuel 
in its oil-engined vehicles are described. The Author observes that 
rime necessity for efficient combustion is an engine of satisfactory 
n, using a fuel of suitable ignition quality; but due attention is 
tial to the cleanliness of the fuel and to careful maintenance of the 
e and accessories. He describes in detail the precautions taken with 
1el and the methods adopted for the maintenance of fuel-pumps and 
‘ors, and discusses attempts to apply exhaust-gas-analysis methods 
mbustion-control in oil-engines. 


xperiments with Doped Fuel for High-Speed Diesel Engines. 
Brozze and J. O. Hinze (*J. Inst. Petroleum, 25, 657-677 ; Oct. 1939). 
e Authors enumerate the requirements to be fulfilled by a dope for 
mprovement of the ignition quality of a fuel, and the degree to which 
} requirements can be met without influencing each other. They — 
mt results obtained with acetone peroxide and ethyl nitrate as dopes, 
discuss the influence of these additions upon (a) the ignition-delay of a 
(0) the further stages of the combustion-process ; (c) wear (corrosive 
a) and incrustation in the engine. They also discuss the stability of 
s during storage, and their effect upon the flash-point of the fuel. 


Diesel Engines for Rural Water-Supply. (*Oil Engine, 7, 146-147 ; 
1939.)\—A description is given of the plant in the pumping-station at 
ton, Norfolk, consisting of two sets, each comprising a two-cylinder 
al engine of 44-inch bore by 4§-inch stroke, rated at 14 brake horse- 
sr at 1,000 revolutions per minute, and a pump having an output of 
) gallons per hour-against a total head of 105 feet, which lifts the water 
he boreholes to a 62,000-gallon tower ; the engine is stopped auto- 
cally when the water attains a predetermined level in the tower. 


he Design and Operation of Hams Hall Power-Station. F. W. 
ton (*J. Instn. Elec. Engrs., 85, 469-497 ; Oct. 1939).—The power- 
on comprises fourteen boiler units installed in three sections, housed 
cent and parallel to a single end-on row of six main turbo-alternators, 
| @ symmetrical group of six cooling-towers. . The first three turbo- 


_ shaped end covers, minimizing yoke vibrations and rendering the 
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alternators each have a capacity of 30,000 kilowatts and the secon 
of 50,000 kilowatts; all operate at 1,500 revolutions per minute 
generate at 11,000 volts. The Author discusses in detail the desig, 
the power-station and its equipment, the operation of the plant, 
the works, capital, and production costs. The data are summarize 
nineteen Tables. 


The Mechanical Installation of the New Geothermic Power-Sté 
at Larderello, Tuscany. (*Hlettr., 26, 632-636 ; 25 Sept. 1939.)—A des 
tion is given of the power-station, which utilizes natural steam at a pres 
of 3 atmospheres from volcanic “ gushers,’’ each yielding abou 
metric tons per hour. The plant comprises eighteen steam-transforr 
four 12,000-kilowatt turbines, and circulating pumps. The Pp 
developed, amounting to about 50,000 kilowatts, is supplied to 
Italian State Railways. The station is to be enlarged by the additid 
two new turbines of similar capacity, and a second power-station, of ¢ 
kilowatts, is to be constructed at Castiglione. - 


Determination of Temperature-Rise of Induction Motors. E) 
Summers (*Elect. Engng., N.Y., 58 (Trans.), 459-467 ; Sept. 1939).— 
Author presents information in regard to the relations between the measé 
values of temperature-rise by various methods on several hundred ind 
motors, of ratings ranging from 10 horsepower to 1,000 horsepower, 
states that variations of 20°C. or more may be indicated by the thez 
meter method on a given machine, depending upon the location of ther 
meters or thermocouples, whereas resistance measurements yield rela ti 
consistent values of temperature-rise. He concludes that the resis t4 
method should be adopted for enclosed or protected machines, whiek 
not readily accessible for the installation of thermometers on laminatt 
insulated windings, and other adjacent parts. 


Asstractor’s Nore.—In pp. 468-472 of the same issue Mr. Cl 
Porrer describes tests on squirrel-cage motors by the thermomed 
resistance, and embedded-detector methods, and discusses the prac 
aspects of temperature-measurement. 


f 


Progress in Hydrogen-Cooling of Generators. §. H. MoRTENSEN 
8. Beoxwiru (*Hlect. World, 112, 1016-1018 ; 7 Oct. 1939).—The de 
of the hydrogen-cooling apparatus is discussed and an oil-film seal of ai 
type, to prevent leakage of hydrogen at the point where the generé 
shaft passes through the gas-tight housing of the machine, is deserit 
The arrangement of the oil-piping is illustrated, and the operation of 
control equipment is explained. The general design of a hydrogen- 
generator consists of heavy ribbed yoked construction combined with dd 


safe against explosions, 
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»w-Voltage Distribution Systems for Industrial Plants. A. G. 
ING (*Gen. Elect. Rev., 42, 376-386 ; Sept. 1939).—The Author defines 


which are used for lighting, and also those which have been found 
mical for use directly in medium-sized and small motors, starters, 
other equipment. The usual upper limits are 750 volts for direct 
ot and 600 volts for alternating current. He discusses the require- 
8 which have been regarded as important by plant engineers—such 
ne general plan, safety, and reliability—and describes systems, 
ods, and equipment by which these requirements can be met. 


ew 4-8-4-Type Locomotives for the Union Pacific Railroad. 
|. Age, Chicago, 107, 515-518, 531; 7 Oct. 1939.)—The locomotives 
development of those built in 1937 (ENene. Apsrracts (Mech), 1, 
97; Apr. 1938), and have the following leading dimensions :—two 
ders, 25 inches in diameter by 32 inches stroke ; coupled wheels 6 feet 
hes in diameter ; total heating-surface (including superheater), 6,370 
re feet; boiler-pressure, 300 Ib. per square inch; total weight in 
ing order (engine and tender), 445 short tons. The rated tractive 
; is 63,800 lb. The tender (borne on a four-wheeled bogie and ten 
wheels) carries 23,500 gallons of water and 25 tons of coal. 


team Locomotive Poppet Valve Gear. (*Rly. Mech. Engr., 113, 
352; Sept. 1939.)—A description is given of the Franklin system, 
ih is operated by means of an oscillating-cam driving-mechanism, and 


ts from that of the release and compression events. Two oscillating 
shafts are provided, one for the inlet valves and one for the exhaust 
s. The functions of the camshaft driving-mechanism are analogous 
hose of a Walschaert valve gear, with separate links for the inlet- 
exhaust-valve cams. A reverse mechanism controls the differential 
ements of the two sets of link blocks to permit practical working at 
short cut-offs. 


Fhe Tyneside Electrified Lines of the London and North Eastern 
way. (*Rly. Gazette, Lond. (Electric Railway Traction No. 7 9), 1 1 0-128 ; 
et. 1939.)—A description is given of the power-supply and distribution, 
ng stock, and traffic working of the lines, which were electrified in 1904, 
have been provided with new rolling-stock during the past 2 years. 


i 


A Study of Heat Effects in Welding. W. A. Peart (*J. Amer. 
J. Soc., 18, 609-614 ; Oct. 1939).—Heating effects play a large part in 
srmining the physical properties of the weld-zone, and control cannot 
ays be easily accomplished. The Author discusses the effect of welding 


. and of austenitic steels. 


oltage as that group of alternating-current and direct-current poten-— 


h permits the separation of the control of the admission and cut-off 


upon the adjacent metal, heat-treatment, and the welding of cast 


enumerated, and examples of machine cutting are described. Man 
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Reactions in Arc Welding. R. D. THomas, jun., and F. H. RHE 
(*J. Amer. Weld. Soc., 18 (Weld Res. Suppl.), 335-338 ; Oct. 1939) 
study was made of the influence of graphite in a typical electrode cox 
upon the slag and weld deposit. The conclusions are as follows : ine 
in the graphite-content of the coating of welding-rods for electric wel 
normally results in an increase in the carbon-content of the deposit ; 
rods of too low carbon-content the deposit carries appreciable quan 
of oxide inclusions ; with higher percentages of graphite, more silice 
carried into the weld-metal. Practically all of the titanium and alumi 
oxides in the coating reappear in the slag. 


va Simplified Precision Resistance-Welder Control. F. H. Rosy (*E 
Engng., N.Y., 58 (Trans.) 528-532; Oct. 1939).—The control unit 
scribed consists of a synchronous magnetic contactor and a motor-d 


timer. Timing-periods of one-half cycle are obtainable. . 
M 


Welding of Reinforcement in Concrete Construction. : 
(*J. and Trans. Soc. Engrs., 30, 113-129 ; July—Sept. 1939).—The An 
reviews the improvements made recently in the methods and mate 
used for the welding of reinforcing-bars by the oxy-gas and elee 
processes. He discusses the testing of welded reinforcement, the savin 
cost, the choice of electrodes, and the labour required for handling 
welding. He also describes fatigue tests carried out by the Public V 
laboratories in Paris, and tabulates the results obtained. 


Oxy-Acetylene-Welded Pipe-Joints. C. G. Barnpripce and E. F 
(*Weld. Industry, 7, 345-354 ; Oct. 1939).—In a review of current prac 
the Authors discuss the classification of pipe-sizes, the choice of prod 
and technique, the principles involved and the practical details of 
Lindeweld process, the “ all-positions rightward ” process, and the m 
layer process. They present summarized practical data and discuss 3 
necessary equipment, the organization of the work prior to weldi 
normalizing, methods of examination and testing, and future developme; 


The Application of Oxy-Acetylene Welding and Cutting iO 
Manufacture and Repair of Locomotives. A. H.C. Pace and G. Fos 
(*Weld, Industry, 7, 371-382 ; Nov. 1939)—The London Midland 
Scottish Railway maintains about 7,600 locomotives. New buildin z 
repairs to existing stock are dealt with at four main factories, at wl 
238 men are engaged on oxy-acetylene welding and cutting. Dete 
descriptions are given of the classes of work entailed and of the met 


of gas-supply. The types of welding and cutting equipmen i 


cutting is also used extensively, 


ww 
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elding Heavy Presses. L. J. McDonovcn and J. R. Henry (*J. 
. Weld. Soc., 18, 614-619 ; Oct. 1939).—Particulars are given of the 
ation of the bed, slide, uprights, crown, and other parts of heavy_ 
es, designed for modern requirements in regard to increased capacity 
sreater precision than was obtainable with presses constructed of 
y castings. 

roduction Research in its Application to the Machine-Shop of a 
yard. G. ScuiEesincEeR (J. & Proc. Instn. Mech. Engrs., 141, 549- 
Oct. 1939).—The Author describes the reorganization of the machine- 
of the Wilton-Fijenoord dockyard at Rotterdam-Schiedam, including 
nodernization of existing machines that were still useful or adaptable, 
the installation of new high-speed machines. All hand-grinding 
lines were removed from the shop and collected in a central grinding 
rtment, and the number of materials was reduced from fifty to four- 
machining groups. For each group the tool-angle, size and shape of 
nnd shank, and the tool-steel to be used, were chosen so that the 
mum output should coincide with the minimum cost of material and 
s. The rate-fixing procedure is explained, and the increase of output 
sved is indicated by tabulated data. 


Pipe Flanges. H. J: Tapsexy (*J. and Proc. Instn. Mech. Engrs., 141, 
458; Sept. 1939).—The first report of the Pipe Flanges Research 
mittee was published in 1936 (Proc. Instn. Mech. Engrs.; 132, 201). 
‘research has continued to follow the main lines of the Committee’s- 
ramme, but with the addition of a study of the creep relaxation of 
el-flanges. The second report, prepared by the Author, deals with the 
wing work :—(1) an investigation of conditions on the jomt under 
th tightness is maintained at room temperature ; (2) an investigation 
e behaviour of compressed asbestos packing materials under certain 
itions of loading and temperature ; (3) examination of the properties 
he materials used in the bolt-assembly tests ; (4) experiments on 
scale bolted flange joints under conditions of high temperature and 
sure; and (5) creep relaxation tests on model-flanges. 


Graphical Analysis of Pipe Stresses. 0. J. Baccerup and K. W. 
strom (*Adv. pf. Soc. Nav. Arch. Mar. Engrs., 31 pp. ; Nov. 1939).— 
Authors present a simple method for the determination of expansion 
es and stresses in pipe-lines. The solution, developed by exact 
hematical analysis, is reduced to a routine operation, with a few simple 
ilations applicable equally to any shape, effecting a considerable 
iction in time without sacrifice of accuracy. Only bends in one plane 
treated in the Paper. The Authors state that for bends in more than 


Is is entirely impractical. By the use of the graphical method, with — 


plane the exact computation is difficult and lengthy, and for irregular 


a 
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certain modifications, bends of any shape with fixed ends can k 
with, and the result is always on the safe side. 


MINING ENGINEERING. 


Arching at the Edges of Synclines Due to Mining Opera 
D. B. Kamprrs (*Kohle u. Erz, 36, 523-529; Aug. 1939).—Prac 
examples are given of small archings at the edges of synclines prod: 
on the earth’s surface in the Rhine-Westphalian coalfield as a result ob 
arching of the saddle top ; these phenomena are shown to be due oO} 
sure displacements caused by mining operations. | 


Flexible Steel Supports for Cross Roads and Junctions. M. ] 
THOLOMAE (*Bergbau, 52, 302-306 ; 17 Aug. 1939).—The Author 7 
modern developments and describes two methods of providing interm in 
support to roofs. The first is a triangular steel frame filled with we 0 
blocks, whilst the other, designated a “ roof crown,” consists of an . 
tube having an overall diameter of 225 millimetres, formed into a 
with an internal diameter ranging from 600 to 800 millimetres, w! 
is also filled with wooden blocks: this “crown” is supported by s 
rails. This device is used for supporting roofs of a wide span, ant | 
been used with good results over a period of 4 years. 


The Rock-Burst Problem. R. G. K. Morrison (Canad. Min, 1. 
Bull., 42, 443-460; Aug. 1939).—The Author cites published theo 
on the behaviour of strata in process of excavation and presents his 
views on the development of conditions that are conducive to the occur re 
of rock-bursts. He states that the existence of such conditions ena 
prediction with some accuracy of where bursts are likely to occur, but 
the time of their occurrence. He also discusses the reactions and 


influence of pillars, mineral remnants, and supports, subjected to grox 
pressure, ’ 


Collapsible Steel Props in Longwall Anthracite Mining. J. W. Bu 
(Tech: P. Amer. Inst. Min. & Met. Engrs., No. 1093, 14 pp. ; 1939). 
the exploitation of thin anthracite seams (48 inches and less), the roof 
previously supported by chocks, which were very satisfactory. 
Author states that complete caving of roof and the use of the Langl 
collapsible steel prop at the face has satisfactorily solved the proble 
roof support, and that this method has proved to be safer and me 
economical than the former system. 

Underground Mining at Rio Tinto, Spain. C. R. Juuran (*Bull. Insi 
Min. Metall., No. 421, 43 pp. ; Oct. 1939).—After an historical review ' 
the methods practised from Roman times in the underground mining ; 
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rge pyrites orebodies at Rio Tinto, the Author discusses the factors 
neing the present method of horizontal cut and fill, which he describes 
tom slicing and filling with roof settlement. He describes in detail _ 
nethod of stoping, the mechanical equipment of the mine, and the 
ling, classification, and transport of the ore. So much heat is given 
natural oxidation of the ore that ventilation of the stopes forms an 
ally difficult problem. Each stope is ventilated by an independent 
of the air-current, entailing an elaborate system of return airways to 
each stope is separately connected. Data in regard to costs and 
ncy of the operations are given in nine Tables appended to the Paper. 


odern Coal-Mining Machinery. H. Ktuimann (*Gliickau/, 75, 721- 
25 Aug. 1939).—Recent developments in mechanized mining equip- 
are reviewed. Examples of modern conveyors, haulage-tubs, and 
mg-machines are described, and particulars are given of a combined 
utter and loading-machine that has been undergoing tests at the 
apreussen colliery. 


ackless Haulage for Mechanical Mining. J. H. Fiercuer (Tech. P. 
. Inst. Min. Met. Engrs., No. 1094, 12 pp.; 1939).—The Author 
s that the haulage problem in a coal-mine was solved by the use of 
ticulated haulage unit, consisting of a power unit operated by storage 
ries and a trailer mounted on pneumatic tires. Apparently the roof 
b roads requires no support and the floor is solid and level. 


he Detection of Gob-Fires. T. N. Mason and F. V. TrpeswELt 

ms. Instn. Min. Engrs., 98, 1-10 ; Oct. 1939).—The Authors describe 
iments made at the Safety in Mines Research Board station at 
ion, and record the observations made from the application of two 
ods of detecting incipient heatings, namely by smell and by analysis 
turn air. They conclude that with small yet potentially dangerous 
mgs of the type studied, the production of carbon monoxide is too 
to serve as a warning before the attainment of a critical condition in 
ack. “ Gob-stink”’ appears to provide a more useful warning, since 
detectable before the critical condition is reached in the pack, but 
derable experience is required for it to be recognized with confidence. 


am 


hemical Considerations Relating to Fires in Anthracite Refuse. 
- Jonzs and G. 8. Scorr (Rept. Inform. U.S. Bur. Min., No. 3468, 
. ; Aug. 1939).—Laboratory tests made on various grades of anthra- 
and anthracitic materials in which the ash-content of the samples 
od from 6 to 86-7 per cent., indicate that little or no possibility exists 
ch materials heating spontaneously to the temperature at which the 


ial will ignite, when stored at atmospheric temperatures. Recom- 
lations for decreasing the possibility of fire in refuse-banks are given 


_ Papers and Abstracts published. 


178 ENGINEERING ABSTRACTS. 


of bank; (4) avoidance of segregation of sizes; (5) daily inspect: 
refuse-banks ; (6) procedure when heating is indicated. 


Recent Research by the U.S. Bureau of Mines on the Igniti 
Firedamp by Explosives. S. L. Gernarp; J. C. Hoxrz, and W. J. 
(Rept. Investign. U.S. Bur. Min., No. 3464, 12 pp.; Sept. 193 9). 
Authors observe that in studying the ignition of firedamp by explosivi 
has been generally accepted that the ignition must be caused by o ay 
more of the emissions from the borehole, classified as (1) particles ; @ 
shock-wave ; (3) hot gases and flames. An investigation of the p 
mena ascribed to reactions caused by particles ejected from steel bore 
has shown that such reactions appear to be capable of igniting guncottd 
balloons filled with a mixture of natural gas and oxygen. Theor 
studies of shock-wave motion in a circular gallery have indicated 
transient incandescence or inflammation may be coincident with the pas 
of nodes formed by the reflected shock-wave. This transient incand 280 
is often observed several times before sustained ignition is recorded, 
is therefore probable that any effect of the shock-wave is only contri bat 
A review of experiments on the incendiary properties of hot gases and fle 
indicates that in many instances too little attention has been give 1 te 
distribution of energy in blown-out shots. Some of the factors m 
distribution are mentioned, and their application is shown to give a plau 
explanation of some well-known observations. 


Investigation of Electrical Equipment, Safety-Lamps, and 
Detectors for Safety. L. C. Instry (Infmn. Circ., U.S. Bur. Min, 
7087, 13 pp. ; Sept. 1939)—The U.S. Bureau of Mines co-operate 
the manufacturers and users of equipment to ensure that the requirem! 


Note.—The Institution of Civil Engineers as a body is not respor : 
either for the statements made, or for the opinions expressed, in 
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OTHER MEMBERS OF COUNCIL. 


: Office as to the resumption of enrolment and apply for the requisi 
- direct to the Under Secretary of State, The War Office (A.G. 12), Tha 
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SPECIAL ANNOUNCEMENTS. 


CENTRAL REGISTER OF THE MINISTRY OF LABO 


Students of The Institution who are over 23 years of age, an¢ 
are not serving in or attested for service with H.M. Forces, may 
to the Secretary for forms for registration with the Central Registes 


MILITARY SERVICE. 
NATIONAL SERVICE (ARMED FORCES) ACT, 1939. 


Students of The Institution who are under 23 years of age and¢ 
are liable for Service under the National Service (Armed Forces)i 
1939, must register at a Local Employment Exchange when theiri 
group is called, and may obtain from the Secretary a form of cer if 
indicating their connexion with The Institution, which, upon product it 
the Interviewing Officers when the Students’ age-groups are called,| 
it is anticipated, assist them in being posted to the ranks of the Co D 
Royal Engineers or to a technical unit in which their qualifications ex 
employed. 
- Students who are above 23 years of age when their age-group} 
called under the Act must likewise register at a Local Employ} 
Exchange, although they will then be included in the Ministry of Lak 
“ Schedule of Reserved Occupations.” The Secretary will, upon re 
furnish such Students with a certificate confirming their connexion } 
The Institution for production to the Registration Officer of the Exeh 

The age-limit of 23 years referred to above is subject to change. 


ARMY OFFICERS’ EMERGENCY RESERVE. 


y 


Corporate Members who wish to apply for Commissions through 
Army Officers’ Emergency Reserve (the age limits for which are 3% 
years) may obtain the requisite form from the Secretary of The Instit ul 
who will also furnish, upon Tequest, a certificate of membersh a 
attachment to an application. At the time of going to press, =| 
enrolment in the Reserve is temporarily suspended (with the excepti‘ 
so far as engineers are concerned—of the Royal Army Ordnance ( 
for those with experience in mechanical or electrical engineering) ;_ 
members who wish to receive the form of application when ger 
enrolment in the Reserve is resumed may now notify the Secretary of 
Institution to this effect, who will forward the form to them in due cov 
Alternatively, members may await public announcement. by the 


House, Millbank, London, 8.W.1. 
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ROYAL ARMY ORDNANCE CORPS. 


lications for appointment to commissioned rank in the Royal 
Ordnance Corps as Ordnance Mechanical Engineers will be 
by the War Office from corporate members who possess the 
zy mechanical or electrical qualifications. The Secretary of The 
ion will furnish, upon request, a copy of the necessary form, 
et with a certificate of membership. 


COMMISSIONS FROM THE RANKS. 


War Office states that, except in a few special cases, commissions 
future, only be obtained after service in the ranks, apart, of course, 
ihe case of the Army Officers’ Emergency Reserve referred to 


VOLUNTARY ENLISTMENT IN THE ROYAL ENGINEERS. 


War Office also states that younger members of The Institution 
Her themselves for enlistment in the ranks of the Royal Engineers 
n times as it is advertised in the Press that the Corps is open for 
ary recruiting, as it is now. The Department mention that it will 
reat assistance to the individual and to the recruiting authorities 
roduces a certificate of membership of The Institution. 


MEETINGS, SESSION 1939-40. 
a ORDINARY MEETINGS. 
rsday, 19 December, at 3.30 p.m.—For the main purpose of taking a 


for the election of new members. 


rsday, 23 January, at 1.25 p.m.—Ballot for the election of new 
ws. (This meeting will be followed by an Informal Meeting—see 


: her meetings, as arranged, will be announced in the Journal. 


RA 


ef INFORMAL MEETINGS. 


» Council have decided that, if conditions permit, an Informal Meet- 
‘be held at 1.30 p.m. on Tuesday, 23 January. Confirmation of this, 
sr with the title of the subject to be discussed, will be announced 
January Number of the Journal. , 

2 Meeting will be preceded at 1.25 p.m. by an Ordinary Meeting 
Bepose of taking a ballot for the election of new members. 


_ 31 years of age and to Students of The Institution who desired to app 


Lee es 


7 
~ 7 
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GENERAL ANNOUNCEMENTS. | 
SUBSCRIPTIONS. _ 


Members and Students are reminded that subscriptions for $ 
due on the Ist January, 1940. The present subscription rates — 
shown below :— 


CLASS B. Cuasss 
Condon Area.) | (Eeewhere in | (Ape 

Pe ee 2 Saas £ Bei 

Members . > 6 6 0 bund 0 3 I 
“F (retaned) Ng a. 13. 6 2 126 2 + 
Associate Members . . . . . 3's) 6 2°26 2 Bs 
” = (retired). 2 dl ANG Ft Dealt 2 84 
Associates et 6. UU 5 OO 5 5G 
Students . 27940 1 210" 6 1 Wd 


CORPS OF ROYAL ENGINEERS. 
A form of certificate was issued recently to Associate Members : 


a Commission in the Royal Engineers. It will assist the office rece 
those who have received Commissions, or who have been (or 4 
posted to Officers’ Training Units or to Other Ranks’ Training Uniti 
result of such applications, will kindly notify the Secretary. } 
TECHNICAL ADVISORY COMMITTEE OF THE PRESS AD 
CENSORSHIP BUREAU. : 
Sir Leonard Pearce, C.B.E., D.Sc., M. Inst. C.E., M.I.Mech.E., M 
has been nominated by the Institutions of Civil, Mechanical, and Ele¢ 
Engineers and the Institution of Naval Architects, as consultative 


sentative of the engineering profession on the Technical Adviso ry § 
mittee of the Press and Censorship Bureau. 


ELECTION, ADMISSION, AND EXAMINATIONS. | 

Copies of the Forms required in connexion with proposals for El 

to Corporate Membership, recommendations for Admission to Studer 
and by Students for entry for the Associate Membership Exami 
may be obtained on application to the Secretary, who will be please 
times to deal with enquiries on these matters, 
Students who wish to enter for the April, 1940, Associate Memk 
Examination at home, which is to be held from the 15th to the : 
inclusive, of that month, are reminded that their completed applica 
to attend should be in the Secretary’s hands by the 14th February. 


CHARLES HAWKSLEY PRIZE. 


The following subjects have been set for the competition to be adj 
in March, 1940 :— : 


A combined underground garage and air-raid shelter. 
A water-tower. 
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Prize, of the value of £150, is awarded for the best design of an 
ering structure combining artistic merit with excellence of construc- 
design. Students and Associate Members under 30 years of age are 
> to compete, and full particulars regarding the competition, with 
of the subjects set, may be obtained from the Secretary. 


Cc. C. LINDSAY CIVIL ENGINEERING SCHOLARSHIPS. 


pulations for the award of these Scholarships, sanctioned by the 
of Education, may be obtained on application to the Honorary 
ary of the Glasgow and District Association, Mr. William MacGregor, 
Assoc. M. Inst. C.E., Engineering Department, The University, 
ww, W.2. Eligibility for the award of these scholarships, which are 
f the value of not less than £25 per annum, is confined to Students 
» Institution who are members of the Glasgow and District Asso- 
1 of The Institution and are British subjects of Scottish parentage. 


WLY-ELECTED MEMBERS, ASSOCIATE MEMBERS, AND 
. ASSOCIATES. 

rention is drawn to the undertaking of Members, Associate Members, 
ssociates to present to The Institution, within 12 months from the 
f election or transfer, a scientific work for the Library. On appli- 
to the Secretary, particulars will be gladly given of books desired 


e Library. 


COMMITTEES OF THE COUNCIL FOR 1939-40. 


The President is ex officio a member of all Council Committees. 
EXECUTIVE COMMITTEE, WAR PERIOD. 


The President. 
The Vice-Presidents. 
nns. BR. G. Hetherington, C.B., O.B.E., M.A. 
Yonkin. Sir Leonard Pearce, C.B.E., D.Sc. 


With power to co-opt. 


SraNDING COMMITTEES. 
EDUCATION AND TRAINING. 


Chairman.—Professor C. E. Inglis. 
Dalrymple-Hay. C. L. Howard Humphreys. 


Sir Leonard Pearce. 


Dr. R. E. Stradling. 


Cane. 


urd of mM oderators.—Professor C. E. Inglis, Professor C. L. Fortescue, Professor 
Haigh, Professor A. J. Sutton Pippard, Dr. R. E. Stradling, and Professor W, N. 


— 
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FINANCE. 


Chairman.—Asa Binns. 


Sir John Thornycroft. 
J. R. Davidson. 

T. P. Frank. 

W. T. Halcrow. 

R. G. Hetherington. 


Sir John Thornycroft. 
Professor C. E. Inglis. 
Sir Leopold Savile. 
M. F.-G. Wilson. 

Dr. David Anderson. 
Asa Binns, 

J. R. Davidson. 


Raymond Carpmael. 
F. C. Cook. 

C. G. Du Cane. 

G. J. Griffiths, 


Sir John Thornycroft. 
Professor C. E. Inglis. 

Sir Leopold Savile. 

M. F.-G. Wilson. 

Dr. David Anderson. 

Sir Harley Dalrymple-Hay. 
C. G. Du Cane. 

T. P. Frank. 


V. A. M. Robertson. 
W. J. E. Binnie. 

S. B. Donkin. 

Sir Alexander Gibb. 
J. D. Watson. 


GENERAL PURPOSES, 


Chairman.—The President. 


W. T. Halcrow. 

R. G. Hetherington. 

F, E. Wentworth-Sheilds. 
W. J. E. Binnie. 

S. B. Donkin. 

Sir Alexander Gibb. 

J. D. Watson. 


MEMBERSHIP. 
Chairman.—M. F.-G. Wilson. 


R. G. Hetherington. 
R. F. Hindmarsh. 
W. H. Morgan. 


PROFESSIONAL. 


Chairman.—The President. 
C. L. Howard Humphreys. 


W. H. Morgan. 

V. A. M. Robertson. 
W. J. E. Binnie. 

8. B. Donkin. 

Sir Alexander Gibb. 
J. D. Watson. 


PUBLICATIONS AND LIBRARY. 
Chairman.—Sir Leopold Savile. 


Sir Athol Anderson. 
Asa Binns. 
Raymond Carpmael. 
Ralph Freeman. 


W. T. Halcrow. 
W. H. Morgan. 
Sir Leonard Pearce. 


a a pe 
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INSTITUTION COMMITTEES. 


Loca ASSOCIATIONS. 


Chairman.—Sir John Thornycroft. 


hol Anderson. With the Chairmen of the Local Associa- 
ook. tions ; one other member of each Local 
Association of Corporate Members and 
Students in the British Isles, and the 
Howard Humphreys. Chairmen or any members of the Over- 
- Robertson. seas Advisory Committees who may be 
Wentworth-Sheilds. in England. 

seas Sub-Committee :—The Chairman and Members of Council on the Local 
tations Committee, the Chairmen of Overseas Local Associations and the Chairmen 
mbers of Overseas Advisory Committees who may be in England. 


RESEARCH. 
$ Chairman.—Dr. David Anderson. 
sor C. HK, Inglis. R. G. Hetherington. 
opold Savile. Professor A. H. Jameson. 
G. Wilson. J. M. Kennedy. 


Professor F. C. Lea. 
Professor K. N. Moss. 

Sir Leonard Pearce. 
Professor A. J. 8. Pippard. 
R. H. H. Stanger. 

Dr. R. E. Stradling. 

F. E. Wentworth-Sheilds, 


PusLic RELATIONS. 


Chairman.—W. T. Halcrow. 
S. R. Rafferty. 
V. A. M. Robertson. 
J. E. Swindlehurst. 
W. A. Tookey. 


ard Humphreys. M. T. Tudsbery. 
i D. M. Watson. 
F. E. Wentworth-Sheilds. 


RAILWAY ENGINEERING SECTION. 


Chairman.—Raymond Carpmael. 
V. A. M. Robertson. 
W. K. Wallace. 
F. E. Wentworth-Sheilds. 
With others to be appointed. 


Roap ENGINEERING SECTION. 
Chairman.—F. C. Cook. 
. Aldington. W. H. Glanville. 


-R. G. H. Clements. W. H. Morgan. ; Ze, 
Dr. R. E. Stradling. WE 
F. E. Wentworth-Sheilds. LE 
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Meeting. Members. Associate Members. Associates 
21 Nov. 4 167 ; 


and during the same period the Council have transferred seven As 
Members to the class of Members, and have admitted one hundre 
thirty-seven Students. 


DEATHS AND RESIGNATIONS. 


The Council have received, with regret, intimation of the fo I 
deaths and resignations :— 


DEATHS. 
Brown, Charles John, C.B.E. (E. 1900. T. 1905.) Me 
Corson, Charles Henry, C.B.E. (E. 1890. T. 1901.) 
Denison, Albert. (E. 1886. T. 1903.) 
GonsaLves, George, O.B.E. (E. 1900. T. 1909.) Ae 
Cotysr, Cecil Alfred. (E. 1905.) Associate I 
Cutter, Frank Sydney. (E. 1915.) 
Hosson, Arthur John, M.C., M.A. (E. 1911.) 
Navin, Ernest Willoughby, B.E. (E. 1899.) 
Netson, Richard. (E. 1910.) 
Warxrnsoy, Arthur Stanley, M. Eng. (E. 1917.) 
Wrencu, Francis Houlton. (E. 1895.) 
York, Francis Colin. (E. 1891.) ne #g: 
Dovetas, Vice-Admiral Sir Henry Percy, K.C.B., 0.M.G. (E. 1921.) Associate: 


Warerne, Gerard Francis. (A. 1935.) Si udent. 
RESIGNATIONS. | 
Ferppen, Samuel Edgar. (E. 1901. T. 1905.) Member. 
Auuison, John Logie. (E. 1893.) = | 
Bow xs, Augustus Robert. (E. 1893.) Associate Me 


Hunter, Campbell Murray, M.A. (E. 1904.) 
Martin, Joseph Clarke Collins, B.A. (E. 1915.) 
Patou, Alfred. (E. 1897.) 

Taytor, Shepherd Hoad. (E. 1907.) i 
Freperiox, George Charles. (E. 1903.) Associatel 


RECENT ADDITIONS TO THE LIBRARY. 


_ (Journals, Proceedings of Societies, British Standard Specifications, etc., not inclue 


Acoustics. Mnryzr, E. “ Electro-Acoustics.” 1939. (Bell.) 10s. 


Brivers, Hi, D.Y. “ Bridge Calculation and Design (for Steel Bridges).’” 
(Griffin.) 25e. 


The Author's object is to present for students and designers the simplest# 
most practicable methods of bridge design and calculation, in which t 
higher mathematics is avoided. The calculation of the moment of in 
various bridge members is given in tabular form. The method of graphic 
is applied to all types of bridge trusses, irrespective of web triangulation. 
are calculated by the approximate method, by influence lines, and b 


Table, applied to the British Standard loading. Numerous practical ex: 
are included. ‘ 


hehe 

ES. Puipor, H. P. “Instruction in Engineering Design. Volume 2. Lattice 
irder Bridges.’’ 1939. (Longmans.) 10s. 6d. 

See also SLABS. 

mc. Ropryson, H. W. “Economics of Building.” 1939. (King.) 10s. 6d. 


ING ConstrRucTION. WaARLAND, E. G. ‘‘ Building Construction for National 
ertificate Course.’? Volume 2. 2nd Year, 1939. (English Universities Press.) 


us. Minter, F.H. ‘Calculus. 1939. (Chapman and Hall.) 15s. 
-This book is intended to meet the needs of students who wish to utilize the 
alculus in science or engineering, as well as of persons whose primary interest is 
) pure mathematics. More than 2,300 exercises are included, many of which 
squire independent thinking. 
s. Drtmur, A. *‘Le Canal Albert.” 2 Vols. 1939. (Thone, Liége.) 
2s. 6d 
NIZATION. D.S.I.R. Fuel Research Technical Paper No. 50. ‘‘ Low Tem- 
erature Carbonization. Narrow Brick Retorts at the Fuel Research Station.” 
Part 2. 1939. (H.M.S.O.) Is. P 
ToAL Warrare. War Orrice. ‘‘ Manual of Chemical Warfare.” 1939. 
.M.S.O.) 2s. 6d. 
_ See Som Mxcwanics. 


RETE. See SLABS. 
BicaL Equipment. InstiruTion or ExzorricaL Eneinrrrs. “ Regulations 
br the Electrical Equipment of Buildings.” llth ed. 1939. (Spon.) 1s. 6d. 
ostons. AssHETON, R. *“ History of Explosions.” 1930. (C. L. Story Co.) 
0s. Washington, Delaware. 
3 AND Formwork. Wvywn, A. E. “ Design and Construction of Formwork 
or Concrete Structures.” 3rd reviseded. 1939. (Concrete Publications.) 20s. 
Hs. See SrRENGTH OF MATERIALS AND STRUCTURES. — 
Ls. Cuatmurs, B. “ Physical Examination of Metals. Volume 1. Optical 
ethods.”’ 1939. (Arnold.) 14s. 
An explanation is given of the physical theory underlying optical methods 
. the investigation of metals, the more important applications that have been 
nade are reviewed, and the technique employed is described. 
gines. Wiis, D. 8. D., and Suir, J. M. “ The Oil Engine Manual.” 
939. (English Universities Press.) 5s. 
oaRammerry. ANDERSON, R. O. “ Applied Photogrammetry.” 2nd ed. 
939. (Edwards Bros., Ann Arbor, Mich.) 12s. 6d. 
“The Author explains the determination of correct reference plane scales and 
ts of aerial photographs, and describes an analytical radial line method of 
mputing geodetic positions of images, taking into account both relief and tilt. 
The subject is dealt with in a practical manner, suitable for teaching as wellas ~ 
or application in actual work. < 
is. Pounper, C. C. “The Design of Flat Plates.” Revised ed. 1939. 
(Draughtsman Publishing Co.) 2s. 
s. ‘A Printing Method of Recording Road-Surface Texture.” (H.M.S.0.) 9d. 
The apparatus devised at the Road Research Laboratory lends itself readily 
0 the study of texture-changes which a road-carpet undergoes during its life. 
surface liable to be slippery can be recognized at once by the texture-print 
en. The printing method has the advantages that prints are permanent, occupy 
le storage-space, and can be repeated on a given site as often as desired. 
strations show the method of taking the prints, and typical prints obtained 


Ss 
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Sewace Disposat AnD SeweRAGe. Vuat,T.H.P. “ Disposal of Sewage.” 
1939. (Chapman and Hall.) 10s. 6d. 


The first edition of this text-book was published in 1927. In the i 
edition the sections dealing with the activated-sludge process, sludge digi 
and the use of mechanical appliances in settlement-tanks have been ex 
re-written. Alternative schemes are presented for dealing with the ¢ 
of a town of 50,000 inhabitants. 

SHIPS AND SHIPBUILDING. BusHetu, T.A. **<‘ Royal Mail.’ A Centena y 
of the Royal Mail Line, 1839-1939.”? 1939. (Trade and Travel Publica 
Ltd.) 10s. 6d. 

— Institution or Exzorrican Encrnerrs. “ Regulations for the Ele« 
Equipment of Ships.” 3rd.ed. 1939. (Spon.) 3s. | 

Stass. Jensen, V. P. “Moments in Single Span Bridge Slabs with Stit 
Edges.” (Bulletin Series No. 315.) 1939. $ 

—— Newmark, N.M.,and Lerrer,H.A. “ Tests of Plaster-Model Slabs sub! 
to Concentrated Loads.” (Bulletin Series No. 313.) 1939. 

—— Riowakt, F. E., and Kuvasz, R. W. “Tests of Reinforced-Concrete 3 
subjected to Concentrated Loads.” (Bulletin Series No. 314.) (Univ) 
of Illinois, Urbana.) $1.00, 60 cents, 80 cents respectively. 

Som Mrcnantes. Terzacut, K. V., and Fronticn, 0. K. “Théorie du Ta S806 
des Couches Argileuses.”” 1939. (Dunod, Paris.) 12s. 6d. 

SrRencTH or MaTerrats AND SrRvcTuREs. Large, G. E. “ Settlement § 
in Continuous Frames.” (Engineering Experiment Station Bulletin Ne 

1939. (Ohio State University, Columbus.) 40 cents. ; 

Surveyine. Davies, D. “Problems in Land and Mine Surveying.” 
1939. (Griffin.) 10s. : 

—— Srantzy, L. C. “Surveying for the Drawing Office.” Revised rex 
1939. (Draughtsman Publishing Co.) 36. ’ 

Tars. DEPARTMENT oF SCIENTIFIC AND INDUSTRIAL RESEARCH. Fuel Rese 
Technical Paper No. 51. ‘The Hydrogenation Cracking of Tars. P 
The Operation of a Semi-Technical-Scale Plant.” 1939. (H.M.S.0.) 16 

Water. Darn, H.H. “ Water Conservation in Australia.” (University of Qu 
land John Murtagh Macrossan Lectures for 1939.) 1939. (Simmons 
Sydney.) No price. 


Wetpine. Tispennam, L. “ Welding of Cast Iron by the Oxy-Acetylene 
1939. (Pitman.) 4s, 


The Author deals in a practical manner with the m 
the preparation and welding of castings, and the systems of oxy-acetylene wel! 
The gases employed, the various types of generator plants, and the com 008 
of welding-rods and fluxes are described. The low-temperature welding of f 
iron is explained, and a chapter on bronze welding is included. 

Wueers. Donay, T. J., and Brown, R. L. “An Investigation of Wroug 
Railway Car Wheels. Part 1—Tests of Strength Properties,” (Bulle 
No. 312.) 1939. (University of Illinois, Urbana.) 70 cents. 


etallurgy of cast } 


(* The foregoing books, with the exception of those marked with an asterisk, ma 
borrowed from the Library.) 
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LOCAL ASSOCIATIONS. 
REPORTS. 


ingham and District Association. 


November.—The Chairman, Mr. E. E. Jeavons, M. Inst. C.E., 
ered his Inaugural Address, a report of which appears below. 


burgh and District Association. 


1 October—The Chairman, Mr. P. B. Glendinning, M. Inst. C.E., 
ered his Inaugural Address, a report of which appears on p. [14]. 


November.—Mr. T. W. Brown, B.Sc., Assoc. M. Inst. C.E., gave a 
e, illustrated by lantern slides, on “ The Development of Modern 
ge Design.” 


Cs hire Association. 

_November.—The Chairman, Mr. J. Taylor Thompson, M.C., M. 
_(.E., delivered his Inaugural Address, a report of which appears 
. [16]. 


ae 


CHAIRMEN’S ADDRESSES. 


BIRMINGHAM AND DISTRICT ASSOCIATION. 
Meeting, 9 November, 1939. 


Mr. E. E. Jeavons, in opening his Address, which dealt generally 
, the advancement made in modern methods of civil engineering, 
mented on the reasons for which the Local Associations were originally 
ituted, and pointed out the advantages, sometimes overlooked, enjoyed 
smbers of those Associations. On behalf of the Association he appre- 
the honour conferred by The Institution in choosing Birmingham 
venue of the first Institution Summer Meeting. It proved to be an 
sting and successful meeting in spite of the bad weather conditions 
the tense international situation. He expressed regret at the enforced 
ellation of the visit to the British—American Engineering Congress, 
he hoped that it could be reconsidered at a later date. 

Mr. Jeavons then referred to the valuable work performed by the 
eration of Civil Engineering Contractors which resulted in changes 
great improvements in the industry, including the regulation of hours 


working conditions of all skilled and unskilled workpeople engaged in 
engineering in Great Britain. The Federation, in conjunction with —— 


Committee on Pile-Driving. Journal Inst. C.E., vol. 9 (1937-38), p. 332 (June 193 
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the large trade unions, set up for the industry a Conciliation Boar 
was very successful in classifying wage-rates, hours, and working condi 
in all parts of the country, and in amicable arbitration in all sorts of dispt 
It was gratifying to note the improvement in the standard of effici: 
of the workpeople under its benevolent influence. In 1938 the Federe: 
completely reorganized the British contractors on a national basis 
divided the country into sections with a paid sectional organizatio« 
each district. Each sectional committee dealt with its own local afi 
under the control of the London Council and the sectional commi fi 
were represented on the London Council. = 

One of the most important committees of the Federation was s 
Demarcation Committee. It was composed of representatives of f 
Council of the Federation and Trade Union leaders and its function 
to distinguish between the definition of civil engineering works and buil 
works. 4 

The Federation had always co-operated with The Institution, 
members of the Federation were, on occasion, called upon to serve 
research and other committees of The Institution and of the Bri 
Standards Institution. The Federation had given generous grants to 
latter (under Dr. Stradling) for research work to be carried out on 
subject of concrete piling!. 

The Federation was particularly interested in the introduction ¢ 
standard form of contract, and the Council of The Institution had | 
matter under consideration. The problem had been ably discussed | 
Mr. E. J. Rimmer?. 

Stressing the continually increasing demand for highly-trained ep 
neers, Mr. Jeavons referred to the qualifications which The Insti it 
demanded of applicants for membership, and he enjoined young graduas 
fresh from university or training college, not to expect too much in ret 
for the little practical experience that they had to offer to prospect 
employers. Economical construction, as expressed in the control of lab 
materials, and methods adopted in practice, could only be learned b 
long period of practical training in the right school, and nowhere ¢o' 
that be better acquired than in the employment of a civil engineer: 
contractor. The importance of a young engineer obtaining an adequi 
working knowledge of industrial management could not be over-stressi 
Any engineer who could intelligently apply the principles of econor 
selection of method at any stage in the life of an engineering struct 
was sure of a sound position in his profession. 

Among the more important problems met with in the preparatio: 
tenders was that of the cost of temporary works (cofferdamming, shor: 


RSA Meet tie i 
* The Institution Research Committee. Interim Report No. 1 of the Joint | 


2 “The Conditions of Engineering Contracts.” Journal Inst. C.E., 7 
(1938-39), p. 3 (February 1939). i 


[ 13 ] 


sh-timbering, scaffolding, concrete formwork, etc.). Sound economy 
esign was essential for success in tendering and called for close col- 
ration between estimating and engineering stafis. 2 
4 was remarkable how contractor’s plant had been mechanized during 
last 30 years. Excavation, done by scrapers, bull-dozers, trenchers, 
draglines, was more efficient and much less costly than ever before. 
noticeable in engineering developments was the improvement in the 
ing of concrete for all purposes. 

. Jeavons had always been interested in gas distribution, and he 
arked upon the development of the use of steel and spun pipes in place 
he cast-iron pipes which were at one time the only type obtainable. He 
referred to the modern tendency to design gas pipe-lines for high pres- 
s in cases where distribution was over a wide area. He had, himself, 
onjunction with Mr. H. T. Pinnock, M.A., carried out research work on 
electrolytic corrosion of underground steel mains in the South Stafford- 
e industrial area}. 

The gas industry was being more and more scientifically controlled and 
in bulk was, at the time, being piped in long supply lines from coke- 
n plants, blast furnaces, and similar installations to the gas-holders- 
tatutory supply companies and municipal undertakings. 

Another feature of the gas industry which would be of interest to the 
] engineer was the increasing use of reinforced concrete for so many 
rent purposes such as coal bunkers,. tanks, sulphate houses, telphers, 
pler pits, and holder foundations. Mr. Jeavons suggested that there 
sht be*some connexion between the facts that many well-known gas 
ineers were members of The Institution and that modern large gasworks 
e very much improved, both in design and appearance, compared 
h the gasworks built at the beginning of the century. 

During the last 30 years, the greatest changes and developments 
ivil engineering had undoubtedly been effected in the electrical branches. 
principal and most recent change was, of course, the construction 
the 32,000-volt high-tension grid scheme carried out by the Central 
ctricity Board. In the construction of the power-stations and sub- 
ions, reinforced-concrete and steel construction had played a prominent 
in the form of cooling towers, link stools, pedestals, and raft founda- 


Referring to the question of railway engineering, Mr. Jeavons expressed 
» doubt as to whether the electrifying of main and suburban railways 
s proceeding rapidly enough. He, himself, did not feel qualified to 
cuss such a problem, but he felt that there might be members of the 
sociation who would be competent to do so, especially in connexion 
h the problem of electrification as far as it affected the city of Birming- 
m and the Midlands. The subject would make an interesting and popu- 
Paper for discussion. 
1 “ Steel Mains and Corrosion.” Gas J) ournal, vol. 191 (1930), p. 203. 
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Considering further developments and changes in the civil enginee 
industry, such major projects as the Mersey tunnel, the Waterloo br 
reconstruction, the construction of large steelworks, hydro-electric py 
schemes, and airports such as Elmdon, afforded sound evidence 
British engineering was maintaining, in spite of certain vague sugges 5 
to the contrary, its vitality, progress, and high standard. ; 


EDINBURGH AND DISTRICT ASSOCIATION. 
Meeting, 11 October 1939. 


Mra Pad: Glendinning, in commencing his Address, commentect 
the gradual evolution of conditions and methods in engineering duringg 
previous 40 years. He chose for his subject some of the interesting aspf 
of the prevention of pollution of rivers and the purification of sewage ut 
which present ideas were based, and which, in a great measure, gover 
the design of modern works. Although the object aimed at in pu: ty 
the liquid might be stated briefly—to re-oxygenate the polluted liquill 

a 5 : - 
bio-chemically, sewage was one of the most complex matters with wh 
the engineer had to deal. | 
_ The re-oxygenation of a polluted liquid was a much more diffid 
problem than it would appear to the uninitiated, since the rate of diffus 
of oxygen in water was only about 0-1 inch in 24 hours, whilst in| 
it was 100 feet per second. From that knowledge had arisen the } 
aeration process of purification. It was important to assist the diffus 
of oxygen by rapid dilution, and it was advisable never to deliver efth 
from a sewage works into a still pool or a smoothly flowing stretch of riv 

It was desirable, rather, to go to the expense of piping the sewage farti 
from the works in order to discharge into broken water, where not ¢ 
would more rapid diffusion take place, but more rapid dilution would oc 

Mr. Glendinning then related in detail the standards of nuisand 
producing power of a polluted stream and of purity for dilution was 

as laid down by the Royal Commission on Sewage Purification. Il 
standard of purity suggested was that the effluent should not conte 
more than 3 parts of suspended matter per 100,000, and with tH 

suspended matter included should not take up more than 2 parts 7 
100,000 of dissolved oxygen in 5 days. | 

Referring to discharge in the pools or smoothly flowing stretches 
river, he refuted the obvious conclusion that the purity of the river we 


gradually improve owing to settlement of suspended solids. Such de 008% 


he observed, actually created a fertile breeding ground for intes ir 
bacteria, and the condition in t¢ 


he river for some distance below ti 
point of discharge actually became worse. 


He then traced the course of events, as effluent travelled down the rive 
by describing the changes in appearance of the river as seen by an observi 


Gi 
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pding down the river bank. The effluent at first hugged the bank, 
ey colour gradually growing less intense. As that happened, dirty 


of dirty cloth. Moving downstream they increased in size, changed 
and then gradually diminished and finally disappeared. They were 
e fungi and they might be one or all of a large number of distinctive 
hes of the fungus family. Further on, a slight green growth on the 
if the river became visible. That was the first sign of recovery,-and 
PT on again, that also gradually disappeared ; it might then be assumed. 
he water had fully recovered. 

ussing on to the principles underlying the design of sewage-purifica- 
vorks, he laid emphasis on the intricacy of the bacterial actions taking 
in sewage tanks and filters. There were thousands of different 
ies of bacteria at work in sewage tanks and filters, each performing 
own particular duties, among which were many not yet properly 
rstood. ‘To utilize, to the best advantage, the action of those bacteria 
red careful manipulation so that each form of bacteria was afforded 
host suitable conditions for the performance of its respective function. 
er, when working properly, should be free from zooglea or other 
ths, except for a slight green growth at the outlets or in the collecting 
nel ; that growth was the first sign of complete oxidation. A filter 
d also have a healthy growth of little flies on the surface (“ Anchorutes 
cus”). Those would be found in a part of the filter sheltered from 


d get the full heat of the sun. 

ne of the most interesting problems in the purification of sewage 
hat of milk wastes. Treatment was effected by filtration, in primary 
secondary alternating filters, and the harmony of bacterial families 
designedly thrown out of balance. Milk wastes were generally so 
2, with a biological oxygen demand of about 300 before being ad- 
2d to settlement tanks, that they had to be partially purified by 
jon until the biological-oxygen-demand figure was about 30. Those 
es were very difficult to purify as they were prone to rapid decay 
he growth of putrefactive bacteria, the milk being a good nutrient 
um. The process was further complicated by the formation of lactic 
After much experimenting, it was found that the most economical 
10d of purifying those wastes was by delivering the tank liquor to a 
ary filter, and then by passing on the effluent to a secondary filter 
yual size, the effluent from which was then delivered to the stream. 
nd been found that in the course of about 3 weeks’ time, depending 
he air temperature, the primary filter would pond ; the process was 
reversed, the secondary filter becoming the primary and vice versa. 
r a few days, the ponded filter would clear up and the passage of the 
d was again reversed to the original order. 


pieces of matter began to appear and those moved in the water like ~ 


vind whilst on a sunny day they would be in a position where they | 


n conclusion, Mr. Glendinning stressed the importance of good and LE 


. required the avoidance of the waste of material which was insepa: 
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very frequently, the advantages of a good design were partially dest 
by neglected or inefficient maintenance. 7 


YORKSHIRE ASSOCIATION. 
Meeting, 4 November, 1939. 


Mr. J. Taylor Thompson chose, for the subject of his Address, ‘ 
Engineer—Technically, Commercially, and Personally.” In enginee 
more than in any other profession, a sound technical knowledge¢ 
essential ; it was, in fact, the basis of all real engineering practice, ¥ 
from a deficiency of technical knowledge. Although it was becos 
increasingly necessary for an engineer to be familiar with the non-teehi 
aspect of constructional work, and so to delegate treatment of dd 
to his technical staff, it was important that he should keep his ech 
knowledge up to date. In particular, he would need a clear conce 
of engineering principles, in contrast with formulas which could e 
conceal the fundamentals. In addition it was important to realize 

degree of accuracy with which calculations could be made in vario: sti 
of construction as well as the assumption underlying the theory. 

_ means of revising and reviewing technical knowledge, a refresher ¢o2 
conducted on the lines of those provided in the medical profession, W 
if practicable, be of immense value to senior engineers. 

Having specialized in a branch of engineering, the engineer 
aim at becoming an authority on that section. An authority 
be defined as one who was not only qualified, theoretically, to deal 
the subject, but who, in addition to an extended personal experienc 
versed in what had been and was being done and written on the subi 
‘That involved much more than a mere “ text-book knowledge,” 
notable achievements of past engineers were works of reference for sue 
ing generations of engineers, and formed a valuable and interesting stud 
practicable solutions. On the whole, engineers had not been writers, 
their works, rather than their words, had been left for later generatic: 

Mr. Thompson indicated the distinction between theoretical and Py 

tical technical literature and commented on the various advantage 
both, but he thought that the most valuable method of dissemine 
engineering knowledge was by means of discussion on Papers presente 
technical Institutions. ' iJ 

The commercial aspect of engineering was one which was assumir 
greater measure of importance than ever before, and since, in most ¢¢ ‘ 

_ engineering works arose from commercial considerations, it was clear t 

the engineer, to fulfil his functions adequately, should appreciate | 
commercial outlook. ibASi NE. nein 
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. Thompson thought that imagination played a most important 
in the link between business and engineering. Genius had been de- 
as 10 per cent. inspiration and 90 per cent. perspiration but the kind 
ius which combined vision and practicability included a large measure 
gination. If imagination were confined to the business man and the 
per were used merely as a draughtsman to put the idea into practice, 
would be lost in the transmission. The other main point of contact 
en business and engineering was the question of economy ; economy 
| be defined as the best way of spending money rather than saving 
t spending at all. At every important stage in the history of an 
pering project, economic questions would arise, and the commercial 
would expect to obtain from the engineer a reliable indication of 
financial obligations would be involved. Civil engineering works 
bly presented more estimating difficulties than any other form of 
uction, on account of the varying conditions of execution and the 
wn factors involved in earthworks and heavy construction. Reliable 
tes were the basis on which proposals were considered and the 
ver was responsible for including every reasonable provision and 
ling every unreasonable precaution. He was also responsible for 
g an accurate forecast of the possible factors involved in maintenance 
mewal. 

. Thompson emphasized the importance, to the engineer, of a know- 
of costing (as distinct from accounting and book-keeping) as a means 
lysing the progress of a project, and as a means of revealing expensive 
ds of working in time to effect remedies. Finally, from the com- — 
il point of view, the engineer responsible for the running and main- 
e of a completed enterprise should be able to gauge and to control 
aount of stock held in readiness for repairs and renewals. 

der his third heading—‘‘ The Engineer—Personally ’”’—Mr. Thomp- 
essed the importance of discrimination in choosing staffs of labourers 
cilled workers, and in alloting to each man the work in which he was 
ikely to prove useful and economic. He referred to the outstanding 
of Taylor’s time-study work in America. 

e importance of a foreman’s function could not be over-rated. 
d to choose his workmen with an insight acquired only by experience 
psychology of workmen, while on the other hand, he had to maintain 
so-operation with the technical staff. His qualifications should 
| not only to the judgement of workmanship, but to a complete 
standing of the steps between completing the design and putting 
o work. Above and beyond that, he should be a leader who ob- 
willing service without pressure, a judge of men and able to place 
andle them to get the best output, and withal a teacher and a 


‘who made work both interesting and pleasant. Finally, the 
er, who might be taken as personifying the technical staff, had to Zo 
le to explain engineering works in the Council Chamber, to work = 


= 
- 
s 


[ 18 ] 


with technical and business people, and to deal with the practical « 
day questions that arose on the job. The ability to explain engin 
works in popular language was a gift or an acquisition much to be 
Friendliness and tact were valuable aids in facilitating the ¢o 
of work. Business was made much easier when the persons 
were on friendly personal terms, and subjects of common interest ; 
be the prelude to the business in hand. It was not always 
what extent personal manner affected the result as well as the 
of business relations. J 
In general, the engineer’s personal attitude set the standard ~ 
characterized the work as a whole, and just as so many engineers : 
engineering a pleasure as well as a profession, so they should ass 
making it pleasant for others. 
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